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ORGANIC  CHEMISTRY. 


CHAPTER  I. 


IKTKODUCTOEY. 

The  name  organic  is  commonly  restricted,  by  chemists,  to 
compounds  the  molecules  of  which  consist  of  one  or  more 


atoms  of  carbon  directly  combined  either  with  carbon,  nitro-  ^ 


gen,  or  hydrogen.  Thus,  accordiug  to  this  definition,  car¬ 
bonic  anhydride  (0— C=0)  and  hydric  potassic  carbonate 
(H — 0 — C — 0 — K)  are  mineral  or  inorganic  compounds, 


II 


O 


because  the  carbon  which  they  contain  is  directly  combined 


with  oxygen  only;  but  oxalic  acid 


0— H 


acid  (N=C — 0 — H),  and  formic  acid  (0=C — 0 — H)  are 


H 


organic  compounds,  because  their  molecules  contain  carbon 
directly  combined,  in  the  first  case  with  carbon,  in  the  second 
with  nitrogen,  and  in  the  third  with  hydrogen. 

The  number  of  elements  usually  entering  into  the  composi¬ 
tion  of  organic  compounds  is  very  small. 

A  large  number  of  these  compounds  consist  of  carbon  united 
w'ith  only  one  other  element,  either  h3Hlrogen  or,rarely, nitrogen. 

The  members  of  another  very  large  class  contain  oiily  three 
elements  carbon,  hydrogen,  and  oxygen  ;  carbon,  hydrogen, 
and  nitrogen  ;  or  carbon,  nitrogen,  and  oxygen. 
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Others  contain  four  elements — carbon,  hydrogen,  oxygen, 
and  nitrogen. 

Some  contain  sulphur,  chlorine,  bromine,  iodine,  silicon, 
phosphorus,  boron,  or  metals  ;  but  these  are  comparatively  rare. 

Although  the  number  of  the  elements  entering  into  the  com¬ 
position  of  organic  compounds  is  much  smaller  than  that  usually 
taking  part  in  the  formation  of  minerals,  yet  the  complexity 
of  the  former  class  of  compounds  is  frequently  much  greater. 

There  is  no  instance  of  an  organic  molecule  containing  but 
two  single  atoms,  and  only  one  containing  three  (hydrocyanic 
acid,  HCN). 

On  the  other  hand,  the  number  of  atoms  in  a  single  organic 
molecule  is  sometimes  very  great.  Thus  : — 


The  molecule  of  Spermaceti  contains 

98  atoms. 

JJ 

„  Stearin 

33 

173  „ 

„  Margarin 

33 

217  „ 

3J 

„  Albumen 

33 

226  „ 

33 

„  Protagon 

33 

381  „ 

In  nearly  all  organic  compounds  carhon  is  a  tetrad.  It 
forms,  therefore,  with  1  atom  of  hydrogen  a  triad  compound 
radical,  which  exists  in  chloroform  (C"II)"'Cl3 ;  a  dyad  com¬ 
pound  radical  with  2  atoms  of  hydrogen,  as  in  methyleuic 
dichloride  (C  ‘''II„)"Cl2;  and  a  monad  compound  radical  with 
3  atoms  of  hydrogen,  as  in  methjdic  iodide  (C^Hj)!.  But  in 
these  compounds  it  will  bo  seen  that  the  cai’bon  is  always  satu¬ 
rated  and  always  a  tetrad. 

This  is  in  conformity  with  the  following  general  law : — “  In 
every  molecule  of  a  chemical  compound  the  sum  of  the  bonds 
is  always  an  even  number,”  because  every  number,  whetber 
odd  or  even,  when  multiplied  by  2  gives  an  even  number.  To 
this  may  be  added  the  following  law,  to  which  no  exception  is 
known  : — “  The  sum  of  the  bonds  in  any  molecule  is  at  least 
twice  as  great  as  the  active  atomicity  of  the  most  polyad  cle¬ 
ment  in  the  compound.” 

A  compound  organic  radical  is  a  p'oup  of  atoms  containing  one 
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or  more  aioms  of  carton  ofiohich  one  or  more  honds  are  unsatis¬ 
fied ;  and  it  is  either  a  monad,  dyad,  ^c.  radical,  according  to  the 
number  of  monad  atoms  reguired  to  complete  its  active  atomicity. 

Such  a  radical,  wlien  a  monad,  triad,  or  pentad,  cannot  exist 
as  a  separate  group  ;  like  liydrogen  or  nitrogen,  when  isolated, 
it  combines  with  another  group  of  atoms  like  itself,  forming 
a  duplex  molecule.  It  is  only  by  this  union  of  two  semi¬ 
molecules  that  the  vacated  honds  can  be  satisfied. 

The  following  are  two  of  the  principal  series  of  compound 
organic  radicals  ; — 


Monads. 


Dyads. 

Methylene...  CH^  or  Me''*, 
Ethylene  ...  or  Et". 

Propylene  . . .  C3H1,  or  Pr". 
Butylene  . . .  C^Hy  or  Bu". 
Amylene  . . .  or  Ay". 


Organic  radicals  are  the  analogues  of  the  monad,  dyad, 
and  triad  elements  of  mineral  chemistry. 

Such  being  the  constitution  of  the  organic  radicals,  we  will 
now  proceed  to  investigate  their  functions  in  organic  com¬ 
pounds,  and  to  examine  the  general  plan  upon  which  these 
compounds  are,  on  the  atomic  hypothesis,  built  up. 

We  shall  be  assisted  in  our  investigation  if  we  reduce  the 
formula)  of  these  compounds  to  a  few  types  or  fundamental 
forms.  In  doing  this  it  is  necessary  to  avoid,  as  far  as  possible, 
all  empirical  grouping  of  atoms.  Our  formulie  ought  to  express, 
as  exactly  as  possible,  how  the  elements  are  combined  with  each 
other.  Thus  in  a  compound  containing  Cj,ITyOj.,  the  formula 
ouglit  to  show,  first,  whether  the  hydrogen  is  combined  with 
carbon  or  with  o.\ygen ;  or  if  combined  with  botli,  it  sliould 
indicate  how  many  atoms  arc  united  wfith  carbon,  and  how 
*  Only  known  in  combination. 
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many  with  oxygen.  Secondly,  the  formula  ought  to  show 
whether  the  oxygen  is  united  with  carbon  or  with  hydrogen,  or 
partly  with  the  one  and  partly  with  the  other,  or,  lastly,  whether 
it  is  performing  the  function  of  linking  hydrogen  to  carbon. 

This  information  is  most  completely  given,  in  notation,  by 
making  carbon  the  dominant  or  grouping  element  in  non- 
nitrogenous  compounds,  and  nitrogen  in  the  remaining  organic 
compounds. 

Non-nitrogenous  organic  compounds,  exclusive  of  organo- 
metallic  bodies  and  orgauo-boron  and  silicon  compounds,  can  be 
conveniently  considered  under  the  two  following  types,  viz. : — 

II 

1.  The  monadelphic,  or  marsh-gas  1  -tt _ ].,  j-r 

type . /  y 

II 

II  II 

2.  The  diadelphic,  or  methyl  type  ...  II — C — C — II 

11  II 


Nitrogenous  organic  compounds  arrange  themselves  in  the 
most  convenient  manner  under  the  two  following  types  : — 


II 

3.  The  ammonia  typo . 

1 

/N\ 

11  ir 

Cl 

4.  Tho  ammonic-ehloridc  type 

II-N  II 

/  \ 

II  11 

In  addition  to  these  types  a 

few  others  will  be  occ.aslonally 

necessary,  such  as 

11  II  II 

5.  The  triadclphie  typo  . 

.  11  (J  C  C  II 

I  i  I 

II  II  II 
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H  li 

I  I 

0.  Tlic  double  mouadclpliic  type  ...  II — C — 0 — C — II 

H  II 

•II  H 

7.  The  condensed  diadelphic  or  1  C— (I) 

olefine  type . J  |  | 

H  II 

Double,  and  sometimes  even  treble  ammonia  and  ammoiiic- 
chloride  types  are  required  for  certain  compounds,  but  they 
do  not  need  special  description  here. 

The  above  types  are  written  symbolically  as  follows  : — 


1.  Monadelphic  type . 

2.  Diadelphic  type  . 

3.  Ammonia  type . 

4'.  Ammonic-chloride  typo  .... 

5.  Triadelphic  type  . 

C.  Double  monadelphic  type  , 
7.  Condensed  diadelphic  type 


CH, 

jCH, 

ICH3* 

N'"H3. 


N'H.Cl. 

CIT3 


CH, 


CH, 


Icil. 


In  order  to  facilitate  the  use  of  these  symbolic  types,  it  is 
advisable  to  become  familiarized  with  the  symbols  of  the- fol¬ 
lowing  analogues  of  hydroxyl,  in  addition  to  those  already 
given  for  inorganic  compound  radicals  at  p.  28  of  vol.  i.,  and 
for  the  monad  and  dyad  radicals  at  p.  3  of  the  present 
volume : — 

Methoxyl  .  CH3O  or  Moo. 

Ethoxyl  .  C3H5O  or  Eto. 

Propoxyl .  C3H3O  or  Pro. 

Putoxyl  .  C^H^O  or  Buo. 

Amoxyl  .  C^UuOor  Ayo. 
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DEVELOPMENT  OF  FORMULAE. 


Eormulre  written  on  the  triadelphic  type  can  be  reduced  to 
tlie  diadelphic  type,  and  those  on  the  latter  to  the  monadelphic 
type,  as  follows  : — 


Propylic 

hydride. 


0113 

cip 

CIL 


Triadelphic. 


CMeH, 

CH3 


CMe^H,  or  CEtH3. 


Diadelphic. 


Momadelphio. 


The  above  alternative  monadelphic  forinulm,  although  appa¬ 
rently  different,  are  in  reality  identical,  as  can  be  easily 
proved  by  expressing  both  graphically,  thus : — 


CIMe^H 


2 


CEtll^ 


II 

1 

i  H 

■  1 

i  H 

1 

XT _ n 

1  1 

XI 

H 

— . — 

\  1 

:  n 

!  11 

II 

II  ^ 

II 

1 

II— C- 

-C— - 
1 

1 

-c— 11 

1 

II 

1  i 

11  i 

1 

11 

On  the  other  hand,  monadelphic  formula',  if  they  contain  a 
sufficient  number  of  carbon  atoms,  can  be  expanded  into  diadel¬ 
phic,  triadelphic,  &c.  formulse  in  the  following  manner : — 


CBuPrII,= 

Normal  butyl,  or 
propylatocl  methyl. 
(Molecule.) 


CPrH.,_ 

CPrll'~ 


f'CiAIelX 

fcib 

CII., 

CEtll., 

CH., 

cii: 

CIl, 

y  CH" 

<cii: 

CII.: 

cii:  - 

CII.; 

CEtll, 

1  Cip 

cii: 

(  CAlell, 

cii: 

iCir; 

This  development  of  normal  butyl  depends  on  the  following 
fixets  : — 1st,  that  normal  butyl  is  propylated  mctliyl ;  ‘dud,  that 
iiormal  propyl  is  ethylated  metliyl ;  and  3rd,  tliat  ethyl  is  me¬ 
thylated  mctliyl. 

Secondary  and  tertiary  organic  radicals  (sco  p.  10)  cannot 
be  completely  developed  vertically  : — • 


GRAPHIC  FORMULA. 
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fCELMell  _ 
ICEtMeH  “ 

Methy  lo-  ethylated 
methyl.  (Molecule.) 


rCMeH, 

CaEeH 

CMeH 

CMeH. 


rcii3 
I  CH., 
CMeH 
CMeH 
CH, 
CH 


fCH 
1  CH 

j  CH'CCH^)  . 
]  CH(CH3)  • 
!  CH., 

ich; 


rcH3  r 

JCMe3  _ 

CMe.  1 

|cMe3  - 

CMe:  -  ] 

[CH3‘  [ 

Trimethylated 
methyl.  (Molecule.) 


CH3 

C(CH3)(CH3) 

C(CH3)(CH3)- 

CH 


It  will  be  seen,  on  comparing  the  above  formulae  with  the 
graphic  representation  of  the  respective  compounds,  that  both 
express  the  same  ideas  of  constitution.  Thus  in  the  developed 
symbolic  formula  of  normal  butyl  it  is  evident  that  the  two  ex¬ 
treme  carbon  atoms  are  each  united  with  three  atoms  of  hydrogen 
and  one  of  carbon,  and  all  the  intermediate  carbon  atoms  with 
two  of  hydrogen  and  two  of  carbon,  exactly  as  shown  in  the 
following  graphic  representation  : — 

H  H  H  H  H  H  H  H 

I  I  I  I  M  I  I  I 

H— C— C— C— C— — C— C— C— C— li 

I  I  I  I  M  I  I  I 

H  H  11  H  :  H  H  H  H 

normal  butyl  or  propylatcd  methyl.  (Molecule.) 


From  the  developed  symbolic  formula  of  methylo-ethylated 
methyl,  it  is  evident  that  the  two  central  carbon  atoms  are 
united  with  three  atoms  of  carbon  and  one  of  hydrogen,  that 
the  two  extreme  carbon  atoms  are  united  with  one  atom  of  car¬ 
bon  and  three  of  hydrogen,  that  the  intermediate  carbon  atoms 
are  joined  to  two  hydrogen  and  two  carbon  atoms,  and  that  the 
remaining  carbon  atoms  are  each  combined  with  one  atom  of 
carbon,  and  three  of  hydrogen,  tlius : — 
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CLASSIFICATION  OF  ORGANIC  COMPOUNDS. 


II 


H- 

ir  H 

I  I 

II— c— c— c— 

I  I  I 

II  II  H 


II 

!  II  II  II 

III 

C— C— C— II 

lU 


II— C— II 


II 


/r 


Methylo-cthylatcd  mct’iyl.  (Molecule.) 

Lastly,  in  the  developed  symbolic  formula  for  tri methylated 
methyl,  the  two  central  atoms  of  carbon  are  each  united  Avith 
four  carbon  atoms,  and  all  the  remaining  atoms  of  carbon  are 
united  with  three  of  hydrogen  and  one  of  carbon,  thus  : — 


II 

I 

II— C- 

I 

II 


H 

I 

II— C-II 


-C- 


H 

I 

II— C— II 


-c- 


II— C— II 


II 

I 

-C— II 

I 

II 


II— C— II 

I 

H 

Ti'imcthylntccl  mot'iy).  (Molecule.) 
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CLASSIFICATION  OP  OKGANIC  COMPOUNDS. 

The  most  important  organic  compounds  can  bo  conveniently 
divided  into  the  following  thirteen  families  : — 

1.  Organic  radicals. 

2.  Hydrides  of  organic  radicals. 


POSITIVE  RADICALS. 
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3.  Alcohols. 

4.  Ethers. 

5.  Haloid  ethers. 

G.  Aldehydes. 

7.  Acids. 

8.  Anhydrides. 

9.  Ketones. 

10.  Ethereal  salts. . 

11.  Organic  compounds  containing  triad  or  pentad  nitrogen. 

12.  Organo-boron  and  silicon  compounds. 

13.  Organo-metallic  bodies. 


CHAPTER  II. 

ORGANIC  RADICALS. 

This  family  of  organic  compounds  is  divided  into  two 
classes ; — 

Class  I.  Positive  radicals. 

Class  II.  Negative  radicals. 

Class  I. 

POSITIVE  BADICALS. 

Monads. 

Methyl  or  (C„H2,.+i)j  Series. 

Vinyl  or  (CJIsn-Oa  Series. 

Phenyl  or  (CJ-Io„_,),  Series. 

Dyads. 

Ethylene  or  C.JIa,,  Scries. 

Acetylene  or  C„H2„_2  Series. 

Plienylene  or  C„H2„_8  Series. 

Triads. 

Glyceryl  or  (CJIs,.,)'".,  Scries. 
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ORGANIC  RADICALS. 


Class  I. 

POSITIVE  PADICALS. 

MONADS. 


METHYL  or  (C„Ho„+02  SEBIES. 

These  radicals  are  divided  into  tliree  sections,  viz.  Normal, 
Secondary,  and  Tertiary  ; — 


1.  Normal  Radicals  ... 

2.  Secondary  Radicals 

3.  Tertiary  Radicals 


General  formulaj. 

fC(C„H,„+0H, 

1  C(c„r„.+oh; 
f  C(C„H2,.+o.h 

jC(C„H,„+03 

IC(C„il„+03- 


In  the  first  of  the  above  formulae  n  may  =0,  but  in  the 
others  it  must  be  a  positive  integer. 

Examples  of  the  tertiary  series  of  radicals  may  be  seen  in  the 
tertiary  fatty  acids.  They  have  not  yet  been  isolated. 

It  is  evident  that,  besides  the  three  series  of  radicals  shown 
above,  three  other  series,  containing,  in  the  same  molecule, 
normal  and  secondary,  normal  and  tertiary,  and  secondary  and 
tertiary  radicals,  may  exist ;  but  up  to  the  present  time  only 
one  or  two  examples  of  such  radicals  are  known. 

By  the  action  of  zincic  ethide  on  the  chloride  obtained  from 
acetone  by  means  of  phosphoric  chloride,  a  hydrocarbon  is  ob¬ 
tained,  which  may  be  regarded  as  a  mixed  normal  and  tertiary 
monad  positive  radical:  ethyl  etho-dimethomethyl  or  ethyl 
isoamyl: — 

{SMki.  + 


Chloride  from 
acetone. 


Zincic 

ethulo. 


Zincic 

chloride. 


Ethyl  cthodime- 
tlioinethvl. 


1.  Normal  Radicals. 


^  c  -  . 


This  series  contains  the  radicals  of  the  methylic  scries  of 


alcohols. 


/i  V  ^  G 


Of  U 


'  '  ■ 

V  AX' 


NORMAL  MONAD  RADICALS. 
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These  radicals  also  enter  into  the  composition  of  the  normal 
series  of  fatty  acids. 

The  following  list  contains  all  the  radicals  of  this  section 
that  have  been  hitherto  obtained  : — 

CtL  ' 


Methyl 
Ethyl  . , 

Propyl . 

Butyl 
Amyl  . , 


f  Me 
I  hie’ 


CIL 


Boiling- 

points. 

not  known. 


Et 

Et’ 


Pi- 

Pr’ 


JBu 


/  CMeH,  I  CH,  ,  , 

I  CMell'’  )  CH,  . • 

Ich; 

rcH3 
CH3 
CTT 

“■•i  Ch:  .  +68° 

CH. 


or 


r  CEtH, 
I  CEtH/ 


LCH3 


JAy 
.  I  Ay’ 

Caproyl  .  jgp 


f  CPrlP, 
iBu’  °'’|cPrH' 
f  CBiiH^ 
ICBUH3 


or 


119°. 

159°. 


nr  /  ^AyHj 

°^\CAyH3  . 

Preparation. — 1.  By  the  action  of  zinc  on  the  iodides  of  the 
normal  radicals : — 

2C(0.H„.)H.I  +  Za  =  Znl.  +  { 

Part  of  the  liberated  radical  is  at  the  same  time  decomposed 
into  the  hydride  of  the  radical  and  the  corresponding  dyad 
radical : — 

/C(C„H,„+0H3  _  fC(C„ir,„+0H3  ,  rcfCTf  M-ll" 

[  C(c„h,„+i)H,  ~  1  h  +  LC(t„H„.+on]  . 

A  remarkable  special  method  for  preparing  ethyl  consists  in 
exposing  mercury  and  cthylic  iodide  to  tlie  influence  of  sun¬ 


light  : 


Ilg  = 


2EtI  + 

Ethylic 

iodide. 


HgT^  +  Et^. 

Morcuric  Ethyl, 

iodide. 
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2.  By  the  electrolysis  of  the  salts  of  the  uormal  fatty  acids, 
lu  this  process,  nascent  oxygen  acts  upon  the  fatty  acid,  con¬ 
verting  its  oxatyl  into  carbonic  anhydride,  the  positive  radical 
being  set  free : — 


2 


C(CJL„+0H,  , 
COHo  + 

Ratty  acid. 


0 


+  2CO,  + 

Carbonic 

anhydride. 


fCrC„IL,.+0H3 

Radical, 

OH,. 

Water. 


3.  By  acting  with  zinc  upon  the  iodides  of  two  radicals  simul¬ 
taneously,  the  so-called  double  or  mixed  radicals  are  produced ; — 


Mel  + 

EtI  +  Zn  = 

Znl,  + 

J  Me 

1  Et  • 

3Iethvlic 

Ethylie 

Zincie 

t. 

Methyl 

ioditlc, 

iodide. 

iodide. 

etliyi. 

ETHYL. 


\  CMcIT, 
\  CMeH, 


II  H 

II— C— C— 

I  I 

H  II 


II  II 

I  I 

-c— c— II 

I  I 

II  II 


Mohciihr  loeirjht  =58.  Molccxilar  volume  I  I  I.  1  litre  of 
ethyl  (jas  weighs  29  criths.  Boils  at  about  —23°  C. 

Preparation. — By  digesting  together  in  a  close  vessel  at  120° 
etbylic  iodide  and  zinc,  the  reaction  being  similar  to  that 
between  hydriodic  acid  and  zinc; — 


+ 

2III  = 

ZnT, 

+ 

tlL- 

Ilydriodio 

acid. 

Zinoic 

iodide. 

Hydrogen. 

-h 

10 

1— 1 

II 

Znl^ 

+ 

f  Et 

1  Ef 

Elliylio 

iodide. 

Zincio 

iodide. 

Ethyl. 

VINYL  SERIES  OP  RADICALS. 
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2.  Secondary  Itadicals. 

Two  secondary  monad  positive  radicals  arc  Itnown  : — 

tilsttl'roKl . (cMefll  . 

A,„>-..isopropyl 

VINYL  SERIES. 

General  formula...  |  §(^c;5!;:;)lV 

The  first  member  of  this  series,  vinyl,  has  not  yet  been 
isolated. 

ALLYL. 


C3H3 

C3H3 


or 


J  C(CMe"H)H., 
\  C(CMc''H)H; 

H  .  H 


II-C— C— C— 

I  I  I 


_c— c— C— II 


H  II  H  II  H  H 


Molecular  weiylit  =82.  Molecular  volume  |  I'l-  1  litre  of 
allyl  vapour  xoeiglis  41  criths.  Sp.gr.  0'6S4.  Boils  at  59°. 

Preparation. — By  digesting  allylic  iodide  with  sodium,  and 
then  distilling  : — 

Na.  +  2C(CMe"H)H,I  = 

Allylio  iodide.  Allyl.  Sodio  iodide. 

Character. — Bromine  and  iodine  unite  directly  with  allyl, 
producing  allylic  tetrabromide  and  tetriodide.  In  these  com¬ 
pounds  the  molecule  of  allyl  plays  the  part  of  a  tetrad  radical. 

In  allylic  tetrabromide,  four  latent  carbon  bonds  in  the  mole¬ 
cule  of  allyl  have  become  active,  and  have  united  with  four  atoms 
of  bromine : — 


r  C(CMe'Tl)II,,  . 
t  C(CMe"H)H, 

:Allyl. 


Br, 


r  C[C(CII.,Br)BrII]II, 
\  C[C(CII,Br)Brll]n; 

Allylio  tetrabromide. 
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An  analogous  case  is  met  with  in  ferric  chloride,  where  two 
tetrad  atoms,  united  by  oue  bond  of  each,  become  together 
hexadic : — 

/  FeCh 
I  FeCl3- 

Allylic  monobromide  can  only  be  obtained  by  the  action  of 
phosphorous  tribromide  on  allylic  alcohol: — 

3C(CMe"H)irjIo  +  PBr3  =  3C(CMe''n)H3Br 

Allylic  alcohol.  Phosphorous  All3’lie  monobromide, 

tribromide. 

+  POIIHo^. 

Phosphorous  acid. 


PUENYL  SERIES. 

G-eueral  formula...  I  . 

These  radicals  are  but  imperfectly  Itnowii.  The  following 
have  been  isolated  : — 


Phenyl 

Tolyl... 

Benzyl 


Coir, 

C.Hf 


i  C  JI^Me 

CIb(C3lI,) 
Cll-XCoH,)- 


,CAy^ 
"jCH 
>- *CH 

Amyl  benzol  or  amyl  phenyl...  “''icH 

jcH 

"tCH  J 

„.jCAy-i 
]CH 
^CII 

Amyl  toluol  or  amyl  benzyl...  03113(0113) (CjIIj, )  =  "-102.1- 

icii 


PHENYL  SERIES  OF  RADICALS. 
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Amyl  xylol 


c„ir3(cii3),(c,Hj 


CAy-. 

CH 

CH 

CH 

CMe 

CMcJ 


Oti- PHENYL. 
CAT 


CeH; 


H  H 


C=(J 

/  \ 

n— c  c  — 

W  // 
c— c 

I  I 

H  H 


H  H 

I  I 

C=:C 


\ 


/ 

— c 

W  ^ 
c— c 

I  I 

H  H 


C— II 


Molecular  weight  =154.  Molecular  volume  I  I  I.  1  litre  of 
phenyl  vapour  weighs  77  C7’iths.  Fuses  at  70°.  Boils  at 
240°. 

Breparation. — By  the  action  of  sodium  on  phenylic  bro¬ 
mide  : — 


2C3H3Br  +  Nm  = 


CJL 
.  C,H, 

-Phenyl. 


-f  2NaBr. 

Sodic  bromide. 


Phenylic  bromide. 

Reaction. — By  treatment  with  bromine,  phenyl  produces 
bromphenyl  and  hydrobromic  acid : — 


J  C3H, 

i  CoH, 

Phenyl. 


+  =  {i:n:S  +  sHBr. 

Bromphenyl. 


ITydrobromio 

acid. 


IG 


ORGANIC  RADICALS. 


CHAPTER  HI. 


POSITIVE  BABICALS. 
DYADS. 


ETHYLENE  or  C„  SERIES. 


Preparation. — These  compounds  are  produced  as  follows  : — 

1.  In  many  cases  of  destructive  distillation,  where,  however, 
the  reaction  cannot  be  traced. 

2.  By  the  abstraction  of  the  elements  of  water  from  the 
normal  mouohydric  alcohols  of  the  methylic  series,  as  for  in¬ 
stance  : — 


JCH3 
1  CIT,Ho 

Ethylic  alcohol. 


„  r  C1I3 

[OH, 

Ethylene. 


+ 


Oil,. 

Water. 


3.  By  passing  the  vapours  of  the  haloid  compounds  of  tlic 
normal  monad  radicals  of  the  C„n2„+i  series  over  heated  lime, 
thus ; — 


cn3 

CH.Cl 


Ethylic 

chloride. 


Ethylene. 


+  IICl. 

Ilydroehlorio 

acid. 


4.  By  the  transformation  of  the  monad  radicals  at  the  mo¬ 
ment  of  liberation  from  their  compounds,  when  they  split  into 
dyad  radicals  and  the  hydrides  of  monad  radicals  : — 

-i  f  c(cn,)ir„  _  „  f  cii,  ,  f  CH3 

lc(cii3)ii:  -  jCH,  +  1ch3- 

Ethyl.  Ethylcno.  Ethylic 

hydfidi*. 


5.  By  the  action  of  the  iodide  of  a  monad  radical  on  fho 
sodium  compound  of  a  monad  radical : —  f 


CIT3  , 
CIIJ  + 

1 CH3  . 

ICH^Na 

=  Nal 

ofCIl., 

^  t  Clh  ^ 

I  CII, 

1  cih- 

Ethvlio 

Bodio 

Sodio 

Etliylcuc. 

Ethyl:.' 

iodide. 

cthidc. 

iodide. 

hydride 

ETHYLENE  SERIES. 
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6.  Metliylic  iodide  and  allylic  iodide  dissolved  in  ether  and 
digested  ^Yith  sodium  in  sealed  vessels  produce  itiethyl-allyl,  an 


isomer  of  butylene  : — 

rCH, 

"]CH' 
^CHJ 


CH3I 


+ 


+  Na, 


Methvlic  Allylic 

io^ae.  iodide. 


2NaI 


+ 


CH. 

CH3 

CH, 


Methyl-allyl. 


1  u 

kc  ^ 
u 


7.  By  the  action  of  ziucic  ethide  on  allylic  iodide,  etliyl-allyl, 


isomeric  'with 

amylene,  is 

1CH3 

"]CH  = 
^CHJ 

obtained : — 

1CH3  ^CH 

2  "  CH  or  j  CH3 
^CH.,Et  1  CH, 

Zii]E]t2  ”1“  2 

Znl^  -h 

^ch; 

Zincic 

Allylic 

Zincic 

Ethyl-aliyl. 

ethide. 

iodide. 

iodide. 

8.  By  treatment  of  vinylic  bromide  (brominated  ethylene) 
with  zincic  ethide,  ethyl-vinyl,  isomeric  with  butylene,  is  pro¬ 
duced  ^ 


ZnEt^  -t-  ZnBr^  -h  2 

Zincic  Vinylic  Zincic 

ethide.  bromide.  bromide. 


"CH 
CH^Et 

Ethyl-vinyl 


"OH 

CH3 

CH^- 

CIL 


h 


M  C..U 


C-H 

I 


c-c 


Methyl-allyl  differs  from  ethyl-vinyl. 

Character. — The  lower  members  of  this  series  of  dyad  radicals 
are  gaseous,  the  higher  solid,  and  the  intermediate  ones  liquid. 

The  following  list  includes  the  known  dyad  radicals  of  this 
series,  together  with  their  fusing-  and  boiling-points  : — 


Fusing-  Boiling- 
point.  point. 

Ethylene  . 

..  C,ll,  .... 

Propylene  . 

..  C3H„  .... 

.. - 17-8 

Pseudobutyleue  . 

..  CJI3  .... 

.. - 70 

Isobutylene  . . 

..  C3H3 .... 

.. - 50 

Butylene  . 

CJl3  .... 

..  -  -f  3  0 

Amylene  . 

CJI.3.... 

..  -  35  0 

Hexylene  . 

,.  C.ll,,.... 

..  -  -  390 

VOL.  II. 

Z 

7 

(1 L». 

4-A. 

( 


1. 
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Heptylene’or  CEnanthyleue . . 

.  .... 

Fusing- 

l)Oint. 

Boiling- 

point. 

55  0° 

Oetylene  or  Caprylene . 

.  .... 

950 

IS'  ouyleue  . 

C,II,  ... 

125 

Paramylene  . 

— 

Ceteue  . 

•  c,ji,,.... 

Cerotene  . 

.  C.,JL,.... 

...  57° 

275 

Melene  . 

C  H 

•  •  •  • 

...  62 

375. 

Reactions. — 1.  The  dyad  radicals  of  this  series  all  unite 
directly  with  chlorine,  hronune,  and  iodine,  producing  com¬ 
pounds  which,  in  the  case  of  ethylene,  are  represented  by 


CII,C1 

cii;ci 

Ethylenic 

dichloride. 


CII.,Br 

CH'Br 

Ethylenic 

dibromide. 


/  CHJ 
[  ciij- 

Ethylenic 

diiodide. 


These  compounds,  when  treated  with  alcoholic  solution  of 
potassic  hydrate,  lose  one  molecule  of  a  hydracid,  thus  : — 

+  KHo  =  KCl  -f  j^fci  + 

Ethylenic  Potassic  Potassic  Vinylic  chloride.  Water, 

dichioride.  h^'di’ate.  chloride.  or  chlorinated 

ethylidene. 


CH.Cl 

CM^Cl 


The  mouochloriuated  radical  thus  obtained  again  unites  with 
two  atoms  of  chlorine,  producing  chlorinated  ethyii4enic  di¬ 
chloride, 

f  CIICICI 

ICHXl  ’ 


t  - 


which,  by  further  treatment  with  alcoholic  potash,  yields  dichlo- 
rinated  etliylideue  ;  and  so,  by  alternate  treatments  with  chlorine 
and  potassic  liydrate,  ethylene  becomes  transformed  into  tetra- 
chlorinated  ethylidene.  The  following  formukiushow  the  hrst, 
intermediate,  and  linal  compounds  : — 

„  fcir,  jcir.ci 
icii,  iCll.Cl 

jcircici  j"cci 

1  CUCiCl  [  CliCl, 


/''ClI 

j^ncici 

j  CHCICI 

1  cipci 

1  CH^Cl 

t  "Cli 

f  ccici..  f  cci, 
1  cncici  1  "ccr 


0- 


ETHYLENE  AND  ETHYLIDENE. 
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Tetrachlorinated  etliylideue  absorbs  two  additional  atoms  of 
chlorine,  producing  the  solid  dicarbonic  hexachloride : — 

fCCl3. 

ICCI3 

Dicarbonic  hexachloride. 


2.  The  dyad  radicals  of  the  ethylene  series  can  be  transformed 
into  the  monad  radicals  from  which  they  are  derived  If  ethylene 
be  digested  with  hydriodic  acid  for  50  hours  at  lOO'^  C.,  it  is 
transformed  into  ethylic  iodide ; — 

CH„  ,  fCH,  i.../ 


CK 


+  HI  = 


Ethylene. 


Hydriodic 

acid. 


A-c<  iri 


Ethylio 

iodide. 


From  this,  ethyl  may  be  prepared,  as  shown  at  p.  12. 

Isomerism  of  ethylene  and  ethylidene  compounds. — The  chlorides 
of  the  dyad  radicals  are  isomeric : — 

1.  With  the  chlorides  of  the  monochlorinated  normal  monad 
radicals. 

2.  With  the  chlorides  derived  from  the  aldehydes,  which, 
however,  are  identical  with  the  chlorides  of  the  monochlorinated 
normal  monad  radicals  : — 


CH.Cl 

CHXl 


CH, 


CHCL 


Ethylenic 

dichloride. 


Ethylidenic  dichlo¬ 
ride  (obtained  from 
aldehyde.) 


i  CH3 
1  CHCi; 

Monochlorinated 
ethylic  chlorid^  ■' 


/Tc- 


These  substances,  when  treated  with  alcoholic  potash,  all 
yield  the  same  vinylic  chloride : — 


CH3CI 

CH3CI 

Eth  vlenio 
dichloride. 


+  KHo 


Potaiiaic 

hydrate. 


{CH^CI  +  OH.  +  XCl. 

Vinylic  Water.  Potas^^ie 

chloride.  chloride. 


{CHCI.  +  KHo  =  +  OH.  +  KCL 

Monochlorinated  Potassie  Vinylic  Water.  Potnssio 

ethylic  chloride,  or  hydrate.  chloride.  chloride. 

Ethylidenic  dicblo- 
ride. 


But  certain  compounds  of  etliylene  yield  paralactic  acid, 
whilst  the  corresponding  compounds  of  ethylidene  give  lactic 

c  2 
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acid.  Tlie  boiling-points  of  their  chlorides  also  differ,  ethy- 
lenic  dichloride  boiling  at  85°,  whilst  ethylidenic  dichloride 
boils  at  0d° ;  on  the  other  hand,  ethylenic  oxide  boils  at  13°'5, 
whilst  ethylidenic  oxide  (aldehyde)  boils  at  20°. 

The  oxides  of  the  dyad  radicals  are  isomeric  : — 

1.  With  the  corresponding  aldehydes. 

2.  With  the  alcohols  of  the  vinylic  or  C„H2„_iHo  series. 

The  nature  of  this  isomerism  is  seen  from  the  following  for¬ 
mula  : — 


JCH  rCH,  J''CH 

I  I COH  1  CH^Ho  • 

Ethylenic  Acetic  Vinylic 

oxide.  aldehyde.  alcohol. 


ETHYLENE. 
H  H 

"iSS.  h4. 


I 

j 

Molectdarioei(jlit—‘2&.  llolecular  volume  Ml-  ^  litre  loeighs 
14  critlis. 

Preparation. — -See  general  methods  (n.  16). 

Reactions. — 1.  Decomposed  into  carbon  and  marsh-gas  by 
passing  through  a  red-hot  tube  : — 

"(cS:  =  +  c. 

Ethylene.  Miirsh- 

gaa. 

2.  Burns  in  chlorine  with  deposition  of  carbon : — 

-f  2C1,  =  a,  -f  4HC1. 

Ethylene.  Hydrochloric 

acid. 

3.  Ethylene  when  agitated  with  solution  of  potassic  perman¬ 
ganate  is  oxidized,  oxalic  acid,  formic  acid,  and  carbonic  anhy¬ 
dride  being  formed : — 


ACETYLENE. 
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C.H,  +  O.  =  +  OH.. 

Ethylene.  Oxalic  Water. 

acid. 

C,H.  +  0,  =  {gojj^  +  CO.  +  OH, 

Ethylene.  Formic  acid.  Carbonic  Water. 

anhydride. 

Etliylideue,  the  isomer  of  ethylene,  has  not  yet  been  isolated, 
unless  the  hydrocarbon  C2H^  derived  from  the  transformation  of 
ethyl  is  this  body.  The  constitutional  formula  of  ethylidene  is 

H 

1 

H— C— H 

I 

H— C 
U 


ACETYLENE  or  C„H2„_2  SERIES. 

Acetylene  is  the  radical  belonging  to  this  series  which  is 
best  known.  The  series  comprises  the  following  members  : — 


Acetylene . 

Allylene  . 

Croton  jdene . 

Valery lene  . 


These  radicals  stand  in  the  same  relation  to  the  alcohols  of 
the  vinylic  series  as  ethylene  bears  to  ethylic  alcohol.  They 
are  also  probably  capable  of  assuming  tetrad  functions. 


ACETYLENE. 


'Cyi,  or 


"CH 

"Cir 


H— C— C— H 


H— C— C-H 


Molecular  weight  =2G.  Molecular  volume  \  I  I.  1  litre  weighs 
13  criths. 
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Preparation. — 1.  By  sjnitncsis  from  its  elements.  When  an 
electric  arc  from  a  moderately  powerful  voltaic  battery  passes 
between  carbon  poles  in  an  atmosphere  of  hydrogen,  acetylene 
is  produced. 

2.  By  tlie  action  of  water  on  potassic  carbide : — 

C,_K,  +  20H,  =  +  2KHo. 

Potassic  Water.  Acetylene.  Potassic 

carbide.  hydrate. 

3.  By  the  action  of  heat  upon  olefiant  gas  or  the  vapour  of 
alcohol,  ether,  or  wood-spirit,  or  by  passing  electric  sparks 
through  marsh-gas 

2CH,  =  C,_H,  4-  3H,. 

Marsh-gas.  Acetylene. 

4.  By  heating  the  vapour  of  methylic  chloride  to  low  red¬ 
ness  : — 


2CH3CI  =  -f  2HC1  -f  H,. 

Methylic  Acetylene.  Hydrochloric 

chloride.  acid. 

5.  By  passing  the  vapour  of  chloroform  over  ignited  copper 
2CHCI3  -h  Cu^  =  C3H3  +  S'Cu'Xl,. 

Chloroform.  Acetylene.  Cuprous 

chloride. 


6.  By  the  action  of  calcic  carbide  upon  water : — 


C,Ca" 

Calcic 

carbide. 


+ 


20H., 

Water. 


C3H,  +  CaHo,. 

Acetylene.  Calcic 

hydrate. 


7.  Brom  vinylic  bromide,  one  of  the  derivatives  of  ethylene, 
acetylene  may  be  obtained  by  the  action  of  alcoholic  potash ; — 

C.3H3Br  -f  KHo  =  C.BI,  +  KBr  -f  OH.^. 

Vinylic  Potassic  Acetylene.  Potassic  Water, 

bromide,  hydrate.  bromide. 

8.  By  the  incomplete  combustion  of  bodies  containing  car¬ 
bon  and  hydrogen ;  — 

4CH,  +  30„  =  2C3H3  +  GOIL: 

Marsh-gna.  Aretylone.  Water. 

2C.,H,  +  0,  =  2C.3H,  +  20H,. 

Oleflnnt  gas.  Acetylene.  Water. 


The  crude  acetylene,  obtained  by  any  of  those  processes,  is 


COMPOUNDS  OF  ACETi'LENE. 
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best  purified  by  passing  it  through  an  ammoniacal  solution  of 
cuprous  chloride,  with  which  it  forms  a  red  precipitate  con- 

r  c;cu',H  Cu-Cu  Cu-Cu 

taining  -I  O  .  |  |  |  | 

I  C;Cu',H  H— C— C— 0— C— C— H 


2'Cti' CL  +  2C  K  +  OH,  = 


Cuprous 

chloride. 


Acetylene. 


c;cu',H 

O  +  4HC1. 

c;cu',H 

'  Cuprosovinylio  Hydrochloric 
ether.  (Acetylide  acid, 
of  copper.) 

If  ethylene  has  been  present  in  the  crude  acetylene,  the 
liquid  containing  the  red  precipitate  is  next  heated  to  boiling, 
in  order  to  decompose  a  compound  which  ethylene  forms  with 
copper.  The  cuprosovinylio  ether  is  then  collected  upon  a 
filter  and  washed.  On  heating  cuprosovinylic  ether  with 
hydrochloric  acid,  pure  acetylene  is  evolved ;  — 

I  c;cu',H 

[c;cu',H 

CuproBovinvlio 
ether.  (Acetvlide 
of  copper.) 

Reactions. — 1.  When  cuprosovinylic  ether  is  heated  with  zinc 
and  dilute  ammonia,  the  nascent  hydrogen,  evolved  bj’’  the  action 
of  the  zinc  upon  the  ammonia,  unites  with  acetylene,  producing 
ethylene : — 


+  4HC1.  =  2C,H,  +  2'Cu',Cl,  +  OH, 

Acetylene. 


Hydrochloric 

acid. 


Cuprous 

chloride. 


Water. 


r  c;cu'.,H 

|c.;cu',H 

CuproRoWnylic 

ether. 


+  2H,  =  2C,H,  +  4Cu  +  OH,; 


C..H, 

Acetylene. 


Acetylene. 
+  Ha 


Water. 


= 

Ethylene. 


2.  Acetylene  is  absorbed  by  sulphuric  acid,  producing  vinyl- 
sulphuric  acid : — 

C,,H,  +  SO,Ho,  =  SO,,(aH,,0)Ho. 

Acetylene.  Sulphuric  Vinyl-sulphuric 

acid.  '  acid. 
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3.  Acetylene  unites  with  bromine,  forming  acetylenic  dibro- 
micle : — 

"'C'AI,  +  Br,  =  "C",H,Br,. 

Acetylene.  Acetylenic 

dibroraide. 


4.  By  agitating  acetylene  with  solution  of  potassic  perman¬ 
ganate,  oxalic  acid  is  formed : — 


Acetylene. 


fCOHo 
1  COHo- 

Oxalic  acid. 


Carbonic  anhydride  and 
duced : — 


f 


ormic 


acid  are  simultaneously  pro- 


rcH 

\CH 


+ 


20„ 


t  COHo 


-i-CO,. 


BEOMACETYLENE. 

C^HBr. 


By  boiling  together  dibromethylenic  dibromide  with  alco- 
holic  potash,  a  spontaneously  inflammable  gas  is  evolved,  which 
is  bromacetyleue. 

{cSSbI:  =  H'Sr  +  Br.  +  CJIBr. 

Dibromethylenic  Hydrobromic  Bromacetylene. 

dibromide.  acid. 


PIIENYLENE  or  CJT.,,.,  SERIES. 

The  dyad  radicals  of  this  series  are  very  little  known. 
The  following  have  alone  been  isolated  : — 

Phenylene,  CJI,. 

Toluylene  or  Stilbeno,  C.Il,,. 


NEGATIVE  RADICALS. 
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POSITIVE  RADICALS. 

TRIADS. 

These  radicals  are  unknown  in  the  separate  state,  unless  tliey 
are  identical  with  the  dyad  radicals  of  the  acetylene  series  : — 

(CII)'" 

(CH)'"- 

Acetjlene.  Formyl. 

They  are,  however,  well  known  in  a  iiiunerous  class  of  com¬ 
pounds  belonging  to  families  which  will  be  studied  hereafter. 


C,H, 


=  { 


CHAPTER  lY. 

ORGANIC  RADICALS. 

Class  II. 

NEGATIVE  RADICALS. 

Every  positive  radical  may  be  looked  upon  as  the  source  of  a 
negative  radical,  which  is  generated  by  displacing  a  portion  of 
the  hydrogen  of  the  former  by  oxygen.  Thus  : — 


Ethyl 

t  C,H, 

yields  acetyl 

{  c:h:°  *  t' 

Allyl 

/  C3H, 
IC3H, 

„  acryl 

r  C3II3O 

1C3H30- 

Ethylene 

„  glycolyl 

(C3H3O)".  4  -  ^ 

Propylene 

(C3H3)" 

„  lactyl 
„  malonyl 

(C3H303)". 

The  constitution  of  the  so-called  compounds  of  tlicse  negative 
radicals  may,  however,  be  more  simply  explained  from  another 
point  of  view  ;  and,  in  fact  it  will  rarely  be  necessary  for  us  to 
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recognize  tlie  existence  of  more  than  two  negative  radicals,  in 
order  to  understand  the  whole  range  of  negative  organic  com¬ 
pounds.  These  are ; — 


Cyanogen 


CN"' 

CN"" 


C— C— N 


Oxatyl,  the  molecule 
of  which  is  dry 
oxalic  acid. 


JCOHo 

ICOHo- 


0=C— 

I 

o 

I 

H 


— C=0 

I 

o 

I 

H 


These  two  radicals  are  the  acidifying  principles  of  nearly  all 
organic  acids ;  they  are,  therefore,  highly  important  compounds. 
The  semimolecule  of  each  consists  of  an  atom  of  carbon,  one 
bond  of  which  is  free  to  combine  with  other  elements  or  groups 
of  elements,  the  other  three  bonds  being  saturated,  in  cyano¬ 
gen  by  triad  nitrogen,  and  in  oxatyl  by  one  atom  of  oxygen 
and  one  semimolecule  of  hydroxyl.  In  the  molecules  of  both, 
the  -two  free  bonds  of  the  carbon  saturate  each  other. 

These  radicals  are  closely  related  to  each  other.  Thus,  if 
cyanogen  be  dissolved  in  water,  it  is  soon  transformed  into 
ammonic  oxalate : — 


fCN'"  ^ 

[  CjST'"  ^^^2 

Cyanogen.  Water. 


f  CO(N'H^O) 

I  C0(N^H,0)- 

Ammonic  oxalate. 


In  the  presence  of  potassic  hydrate,  cyanogen  evolves  ammonia 
and  produces  potassic  oxalate  : — 


jggo,  -h  2KHo  -f  20H, 

Cyanogen.  PotasBio  W  atcr. 

hydrate. 


rcoKo 
1  COKo 

Potnssic 

oxalate. 


-f  2NII3. 

Ammonia. 


From  these  salts,  oxalic  acid,  or  the  molecule  of  oxatyl,  may 
be  readily  obtained  by  the  action  of  sulphuric  acid. 


CYANOGEN  AND  HYDROCYANIC  ACID. 
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In  the  converse  manner,  oxatyl  may  be  converted  into  cya¬ 
nogen,  by  transforming  it  into  ammonic  oxalate  and  submitting 
this  salt  to  the  action  of  heat ; — 


J  C0(N’H,0) 

tC0(N^H,0) 

Ammonic  oxalate. 


4oh.  + 

Water.  Cyanogen. 


CYANOGEN. 

J  CN'"  p 
I  CN'" 

Molecular  weight  =52.  Molecular  volume  PT"].  1  litre  weighs 

26  eriths.  Fuses  at  — 34°.  Boils  at  — 20°'7. 

Occurrence. — Amongst  the  gases  of  blast  furnaces, — a  proof 
of  its  withstanding  an  extremely  high  temperature. 

Preparation. — By  the  action  of  heat  on  mercuric  cyanide  : — 

HgCy^  =  Hg  -1-  Cy,. 

Mercnric  Cyanogen, 

cyanide. 

This  equation  only  partially  expresses  the  reaction,  as  a  brown 
non-volatile  compound  (paracyanogen),  Cy„,  is  simultaneously 
produced. 

Reaction. — Cyanogen  unites  directly  with  potassium  : — 

Cy^  -h  K,  =  2KCy. 

Cyanogen.  Potasaic 

J  cyanide. 


HYDROCYANIC  ACID. 

f  W  TTP 

INC 

Molecular  weight  =27 .  Molecular  volume  III.  \  litre  of  hy¬ 
drocyanic  acid  vapour  weighs  13-5  eriths.  Sp.  gr.  of  liquid 
0  7058.  Fuses  at  — 15°.  Boils  at  26°‘5. 


■  1 

//  ‘ 
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Prei^aration. — 1.  In  the  anhydrous  condition,  by  passing 
hydrosulphuric  acid  over  mercuric  cyanide  : — 

HgCy,  +  SH,  =  HgS"  +  2HCy. 

Mercuric  Sulj)huretted  Mercuric  Hydrocyanic 

cyanide.  hydrogen.  suii^hide.  acid. 

2.  By  distilling  potassic  cyanide,  or  ferrocyanide,  with  dilute 
sulphuric  acid : — 

2KCy  +  SO,Ho,  =  2IICy  +  SO,Ko,. 

Potassic  Sulphuric  Hydrocyanic  Potasssic 

cyanide.  acid,  acid.  sulphate. 

3.  By  passing  nitrogen  over  an  ignited  mixture  of  potassic 
carbonate  and  carbon : — 

COKo,  +  +  N,  =  2KCy  +  3CO. 

Potassic  ^  k/  Potassic  Carbonic 

carbonate.  ^  cyanide.  oxide. 

The  potassic  cyanide  thus  formed  is  then  treated  according 
to  process  No.  2. 

4.  By  heating  together  an  alcoholic  solution  of  ammonia, 
chloroform,  and  potassic  hydrate: — 

Nir^  +  CHCI3  +  3KHo  =  3KC1  +  NCH  + 

Ammonia.  Chloroform.  Hydrocyanic 

acid. 

Peactions. — 1.  Hydrocyanic  acid  in  contact  with  water  slowly 
passes,  partly  into  amnionic  oxalate  as  mentioned  at  p.  26,  and 
partly  into  amnionic  formate: — 

NCH  +  20H.,  =  |cO(N'H,0). 

Hydrocyanic  Water.  Amnionic 

acid  formate. 

2.  If  hydrocyanic  acid  be  mixed  with  concentrated  hydro¬ 
chloric  acid,  formic  acid  and  amnionic  chloride  are  produced : — 

NCH  +  20IL  +  HCl  =  {coiio  +  NH,C1. 

Hydrocyanic  Water.  Hydrochloric  Formic  Ammonic 

acitl.  acid.  acid.  chloride, 

3.  Tlie  displacement  of  the  hydrogen  in  hydrocyanic  acid  by 
metals  gives  rise  to  a  very  extensive  series  of  single  and  double 
cyanides.  The  following  is  a  list  of  the  most  important  of 
these  compounds : — 


SINGLE  AND  DOUBLE  CYANIDES.  29 

Single  Cyanides. 

Potassic  cj'anide .  KCy. 

Zincic  cyanide  .  ZnCy^. 

Cadmic  cyanide .  CdCy^ 

Nickel  ous  cyanide .  lMiCy2. 

Argentic  cyanide  .  ^gCy. 

Mercuric  cyanide  .  HgCyj 

Aureus  cyanide .  AuCy. 

Cuprous  cyanide  .  'Cu'^Cy^. 

Ferrous  cyanide .  FeCy,. 

Cobaltous  cyanide .  CoCy^. 

Doiible  Cyanides. 

Dipotassic  zincic  tetracyanide  .  K^Zn",  Cy^. 

Dipotassic  cadmic  tetracyanide  .  K,Cd",  Cy^. 

Dipotassic  nickelous  tetracyanide  .  Cy^. 

Potassic  argentic  dicyanide  .  KAg,  Cy^. 

Potassic  aurous  dicyanide .  KAu,  Cy2. 

Potassic  auric  tetracyanide  .  KAu"',  Cy^. 

Dipotassic  cuprous  tetracyanide  .  K^'Cu'j,  Cy^. 

Dipotasssic  platinous  tetracyanide  .  K^Pt",  Cy^. 

Tetrapotassic  diplatinic  decacyanide  . .  K^,'Pt"'2Cy,„. 

Tetrapotassic  ferrous  hexacyanide.  (Po¬ 
tassic  ferrocyanide.)  .  Fe''Cyg. 

Hexapotassic  diferric  dodecacyanide.  (Po¬ 
tassic  ferricyanide.)  .  K„,  'Fe"'2Cyj2. 

Hexapotassic  dicobaltic  dodecacyanide. 

(Potassic  cobalticyanide.) .  K„,  'Co"'2Cyi2. 

Hexapotassic  dichromic  dodecacyanide  ...  K,., 'Cr'"2Cyi2. 

Hexapotassic  dimanganic  dodecacyanide...  K^'Mn'''^,  Cyj^. 

The  cyanides  of  the  alkali  metals  when  fused  in  contact  with 
air,  absorb  oxygen,  producing  cyanates ; — 

KCy  -f  O  =  CyKo. 

Potassic  Potassic 

cyanide.  cyanate. 

Some  of  the  single  cyanides,  as  potassic  cyanide,  are  readily 
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decomposed  by  acids ;  others,  as  ferrous  and  aurous  cyanides, 
may  be  boiled  with  moderately  strong  acids  without  decom¬ 
position. 

Most  of  the  insoluble  single  cyanides  dissolve  in  solutions  of 
the  alkaline  cyanides,  foi'ining  double  cyanides.  Some  of  these 
double  compounds,  when  acted  upon  by  hydrochloric  acid,  evolve 
hydrocyanic  acid,  producing  chlorides  of  both  metals,  as  in  the 
case  of  dipotassic  zincic  tetracyanide.  These  are  called  easily 
decomposahle  cyanides,  and  are  indicated  in  the  above  Table  by 
the  comma  being  placed  between  the  cyanogen  and  the  metals. 

Other  double  cyanides  do  not  evolve  hydrocyanic  acid 
under  the  influence  of  hydrochloric  acid,  but  produce  a 
chloride  of  one  of  the  metals,  the  remaining  elements  of  the 
compound  uniting  with  hydrogen  to  form  a  complex  acid.  In 
the  above  Table  the  double  cyanides  of  this  class  are  indicated  by 
the  comma  being  placed  between  the  metals. 

The  most  important  of  these  double  cyanides  are  the  po- 
tassic  ferrocyanide  K^,  Te''Cy^,  and  the  potassic  ferricyanide 
'Fe''',Cy,,. 


POTASSIC  FEREOCYANIDE. 

Iv„  Fe''Cyg  or  Iv,Cfy. 

Preparation. — 1.  By  placing  a  mixture  of  iron  filings  and 
solution  of  potassic  cyanide  in  contact  with  the  air,  oxygen  is 
absorbed  and  potassic  ferrocyanide  produced : — 

Fe  -b  GKCy  +  OH.,  +  O  =  K,Fe''Cy,  +  2KHo. 

Pota+iaic  Water.  Potassic  Potassic 

cyanide.  ferrocyanide.  hj'ili’ate. 

2.  By  digesting  potassic  cyanide  with  fei-rous  sulphide: — 
FeS"  -t-  GKCy  =  K.Fe''Cy,  +  SK,. 

Perrons  Potassic  Potassic  Potassic 

Bulpliicle.  cyanide.  ferrocyauidc.  sulpiride. 


3.  On  a  manufacturing  scale  it  is  jirepared  by  fusing  nitroge¬ 
nous  animal  matter  with  potassic  carbonate  and  iron  tilings  in 
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iron  vessels,  lixiviating  the  resulting  mass  with  water,  and  crys¬ 
tallizing. 

Reactions. — 1.  Potassic  ferrocyauide,  when  fused  with  po- 
tassic  carbonate,  forms  potassic  cyanide  and  cyanate : — 

re"Cy,K,  d-  COKo,  =  5KCy  -f-  CyKo  +  +  CO,. 

Potaesie  Potassic  Potassic  Potassic  •  Carbonic 

ferrocyanide.  carbonate.  cyanide.  cyanate.  anhydride. 

2.  By  mixing  solution  of  potassic  ferrocyanide  wdth  ether  and 
hydrochloric  acid,  hydroferrocyanic  acid  is  precipitated : — 

Fe"Cy,K,  +  4HC1  =  4KC1  -f-  re"Cy„H,. 

Potassic  Hydrochloric  Potassic  Hydroferrocyanic 

ferrocyauide.  acid.  chloride.  acid. 

3.  Potassic  ferrocyanide  produces,  with  solutions  of  ferrous 
salts,  a  light-blue  precipitate,  which  rapidly  becomes  dark  blue 
in  contact  with  the  air : — 


Fe"Cy,K, 

-h  SO,Feo'' 

=  Fe"Cy,Fe"K,  + 

SO^Ko.,. 

Potassic 

ferrocyanide. 

Ferrous 

sulphate. 

Light-blue 

precipitate. 

Potassic 

sulphate. 

4.  With  ferric  salts  it  gives  prussiau  blue: — 

3Fe"Cy,K, 

4-  2Fe,Cle  = 

3Fe"Cy,.2'Fe"',Cy3 

-h  12KC1. 

Potassic 

ferrocyanide. 

Ferric 

chloride. 

Prussian  blue. 

Potas.sic 

chloride. 

5.  With 

cupric  salts  it  gives  a  red  precipitate  of  cupric  ferro- 

cyanide ; — 
K,Fe"Cy« 

+  2SO,Cuo" 

=  Cu",Fe"Cy,  -h 

2S0.,Ko,. 

Potassic 

ferrocyanide. 

Cupric 

sulphate. 

Cupric 

ferrocyanide. 

Potassic 

sulphate. 

POTASSIC  FEEEICYANIDE. 

XVq,  0.  C  2 

Cyj,  or  K„Cldy. 

Rre^aration. — By  the  action  of  oxidizing  substances,  such  as 
clilorme  or  nitric  acid,  on  potassic  ferrocyauide : — 

2K,Pe"Cy,  +  Cl,  =  K;Pe"',Cy,,  -f  2KC1. 

Potassic  Potassio  Potassic 

ferrocyanide.  ferrieyauide.  cliloride. 
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Reaction. — Potassic  ferricyanide  produces  no  precipitate  with 
solutions  of  feri’ic  salts,  but  causes  a  deep-blue  precipitate  with 
ferrous  compounds : — 

K,;Fe'",Cy,,  +  3SO,Feo"  =  Fe'VFe"',Cy,,  -f  3SO,Ko, 

Potassic  Ferrous  suljihate.  Turnbull’s  blue.  Potassic 

ferricyanide.  sulphate. 


OTHER  COMPOUNDS  OF  CYANOGEN. 

There  are  three  isomeric  chlorides  of  cyanogen  : — 

CyCl.  Cy,Cl,  Cy3Cl3. 

Gaseous.  Liquid.  Solid. 

The  molecular  volume  of  all  three  cyanic  chlorides  is  [~r~l- 

I  litre  of  gaseous  cyanic  chloride  ioeighs  . .  30'75  criths. 

1  litre  of  vapour  of  liquid  cyanic  chloride  weighs .. .  61’5  „ 

1  litre  of  vapour  of  solid  cyanic  chloride  loeighs  ...  92'25  „ 

Cyanogen  produces,  with  hydroxyl,  three  isomeric  acids  and 
an  isomeric  neutral  body  : — 

Cyanic  acid  .  CyOII  or  CyHo. 

Cyauuric  acid  .  Cy303ll3  or  Cy3Ho3. 

Fulminuric  acid  .  Cy303H3  or  CygHoj. 

Cyamelide  .  Cy,;0„H„  or  Cy„Ho„. 

When  potassic  cyanide  is  boiled  witli  sulphur,  the  latter  is 
dissolved  and  the  solution  contains  potassic  sulphocyanate  : — 

CyK  -f-  S  =  CyKs. 

Potassic  Potassic 

cyanide.  sulphocyanate. 

Tliis  compound  produces  with  ferric  salts  a  blood-red  colour. 


OXATYL. 

/  COHo 
ICOIIo- 

This  radical,  in  the  isolated  condition,  constitutes  dry  oxalic 


OXATYL. 
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acid  ;  and  in  combination  with  hydrogen  and  other  radicals  it 
enters  into  the  composition  of  nearly  all  organic  acids.  Acids 
containing  one  semimolecule  of  oxatvl  are  monobasic,  those 
containing  two  are  dibasic,  and  those  containing  three  are  tri- 
basic. 

The  relations  between  methyl,  oxatyl,  and  cyanogen  are  very 
simple : — 


H  H 


Oxatyl. 


o  i  o 


H  H 


In  methyl  the  two  carbon  atoms  are  united  together  by  one 
bond  of  each,  the  remaining  three  bonds  of  each  atom  being  satu¬ 
rated  by  three  atoms  of  hydrogen.  In  cyanogen  the  carbon 
atoms  are  united  in  the  same  manner,  but  the  three  remaining 
bonds  of  each  carbon  atom  are  saturated  by  triad  nitrogen ; 
whilst  in  oxatyl  the  three  remaining  bonds  are  saturated  with 
the  dyad  element  oxygen  and  the  monad  radical  hydroxyl. 

Oxatyl  has  not  been  united  with  chlorine  to  produce  oxatylic 
chloride  (COHoCl) ;  nor  has  its  hydroxyl  been  replaced  by 
fCOCl 

chlorine  to  form  <  QQ(jp  When  treated  with  phosphoric 
chloride,  it  yields  carbonic  oxide  and  carbonic  anhydride  : — 


r  COIIo 
I  CO  Ho 

Oxatyl. 


-f  PCI,  =  CO  -j-  CO,  +  2IIC1  4-  POCI3. 


Phosphoric  Carbonic  Carbonic  Ilydrochloric  PhoRjihorio 
chloride.  oxide.  anhydride.  acid.  oxytrichloride. 


chloride. 


anhydride. 


VOL.  II. 
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OXALIC  ACID. 

COHo’  (crystallized). 


Occurrence. — In  the  form  of  thehydricpotassicsaltin  Oxalis 
acetosella,  and  in  the  form  of  different  salts  in  many  other 
plants,  and  also  in  the  animal  organism. 

Preparation. — 1.  From  its  elements  through  the  medium  of 
potassic  cyanide.  (See  pp.  26  &  28.) 

2.  By  passing  carbonic  anhydride  over  heated  sodium  ; — 


2CO^  +  Na, 

Carbonic 

anhydride. 


r  CONao 
t  CONao- 

Sodic  oxalate. 


3.  By  the  oxidation  of  a  large  number  of  organic  compounds. 
Most  organic  substances  are  converted  by  oxidizing  agents 
into  oxalic  acid  before  their  final  transformation  into  carbonic 
anhydride  and  water :  thus  sugar  is  transformed  into  oxalic- 
acid  by  the  action  of  nitric  acid. 

4.  By  heating  sawdust  with  a  mixture  of  potash  and  soda, 
oxalates  of  these  bases  are  formed. 

Transformations. — 1.  By  the  action  of  heat,  oxalic  acid  is 
transformed  into  carbonic  anhydride  and  oxatylic  hydride,  or 
formic  acid : — 


f  COHo 
t  COHo 

Oxalic  acid. 


+  I  COHo- 

Carbonic  Formic  acid, 

anhydride. 


A  portion  of  the  formic  acid  is  at  the  same  time  decomposed 
into  Avater  and  carbonic  oxide ; — 

{Sollo  =  OH.  +  00- 

Formic  acid.  Water.  Carbonic 

oxide. 


2.  Substances  having  a  strong  attraction  for  Avater,  such  as  sul 
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phuric  acid,  transform  oxalic  acid  into  water,  carbonic  oxide, 
and  carbonic  anhydride : — 

=  CO  +  CO.  +  OH.. 

Oxalic  acid.  Carbonic  Carbonic  Water, 

oxide.  anhydride. 


3.  Heated  with  an  excess  of  alkali,  oxalic  acid  (or  an  oxalate) 
yields  hydrogen  and  a  carbonate : — 

+  2KHo  =  2COKo,  +  H,. 

Potassio  Potassie  Potassic 

oxalate.  hydrate.  carbonate. 


J  COKo 
\COKo 


4.  Argentic  oxalate  explodes  when  heated,  producing  silver 
and  carbonic  anhydride  : — 


/  COAgo 
I  COAgo 

Argentic 

oxalate. 


2CO,  +  Ag,. 

Carbonic 

anhydride. 


Salts  of  Oxalic  acid. — Oxalic  acid  forms  three  series  of  salts  : — 


Normal. 

Acid. 

Superacid. 

J  COKo 

i 

COHo 

f  COHo 

J  COHo 

(  COKo- 

COKo- 

rCOHo 

\  COKo’ 

1  COHo- 

fCOp  „ 

CO 

Bao"  . 

CO 

l^COHo 

OXAMIC  ACID. 

CO(N'"HJ  r  COAd 
COHo  {cOHo- 


J^reparation. — By  heating  hydric  amnionic  oxalate  to  230° : — 
CO(N''H,0)  _  JCO(N"'H.,)  , 

COHo  ~  \  COHo  ■ 

Hydric  ammonic  Oxamic  acid.  Water, 

oxalate. 


OH„ 


Reaction. — By  boiling  oxamic  acid  with  water  it  is  retrans- 
formed  into  hydric  ammonic  oxalate. 

D  2 
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OXAMIDE. 

CO(N'"H,)  r  COAd 
CO(N'"HJ  1  COAd- 


Preparation. — 1.  By  distilling  normal  amnionic  oxalate  : — 


J  CO(N''Iip) 


J  CO(N'''H,) 


tC0(N^H'0}  ~  lCO(N'''HJ’ 


N ormal  ammonio 
oxalate. 


Water. 


Oxamidel 


By  acting  upon  etliylic  oxalate  by  ammonia : — 


COEto 

COEto 

Ethylic 

oxalate. 


+ 

Ammonia. 


f  CO(N"'H,)  , 

[C0(N"'H;)  + 

Oxamide. 


2EtHo. 

Alcohol. 


Peactions. — 1.  Oxamide,  when  heated  with  phosphoric  anhy¬ 


dride,  evolves  cyanogen : — 

rCO(N'''H.,)  _ 
iCO(N'"H:)  “ 

Oxamide. 


<»nTT  JCN'" 

2OH2  -}-  I 

Water.  Cyanogen. 


2.  Dilute  acids  convert  it  into  oxalic  acid  and  ammonic 
salts : — 


/C0(N"'H3) 
t  CO(N'"HJ 

Oxamide. 


-f  SO,Ho3  +  2OH3 

Sulphuric  acid.  Water. 

-f  S0.XNvH,0),. 

Ammonic  sulphate. 


/COHo 

[COHo 

Oxalic  acid. 


By  distilling  tlie  oxalates  of  tlie  compound  ammonias  instead 
of  ammonic  oxalate,  compound  oxamides  are  obtained  : — 

rCO(N’McH..O)  _  ,  r  CO(N'''MeII) 

1  COl^'MeH^O)  “  +  lCO(N"'MeH)- 

Methylammonic  oxalate.  Water.  Dimethyloxamide. 

/C0(N''Phn,0)  _  oOTT  -J-  JCO(N"ThH) 

|C0(N''Phn30)  “  lCO(N"'PhH)- 

Plicnylammonic  oxalate.  Water.  Diphenyloxamide. 
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CHAPTER  V. 

HYDRIDES  OF  THE  ORGANIC  RADICALS. 

This  family  is  divided  into  two  classes  : — 

Class  I.  Hydrides  of  the  Positive  Radicals. 
Class  II.  Hydrides  of  the  Negative  Radicals. 


Class  I. 

MYBBIDES  OF  THE  EOSITIVE  EAEICALS. 

Two  series  of  hydrides  belonging  to  this  class  are  weU  known ; 
they  are ; — 

1.  Hydrides  of  the  Radicals  of  the  Methyl  series. 

2.  Hydrides  of  the  Radicals  of  the  Phenyl  series. 


1.  SYEBIBES  OF  THE  BABICALS  OF  THE 
METHYL  SEBIES,  Marsh-gas  or  C„H2„^.2  Series. 


There  is  some  difference  of  opinion  as  to  whether  these  com¬ 
pounds  are  identical  or  isomeric  with  the  radicals  of  the  methyl 
series.  Thus  methyl  and  ethylic  hydride  both  contain  C^H^, 
and  ethyl  and  butylic  hydride  both  contain  C4H^o.  The  graphic 
formulae  exhibit  no  difference  between  these  pairs  of  bodies  re¬ 
spectively.  Thus : — 


a  H  *  H 


TT- 


— c— 


— C— H 


H- 


H  H  H  H 

I  I 


H  ^  H 

Jv-Methyl  or  ethylic  hydride. 


— c— c— 


H  H 


— C— C— H 

I  i 

H  H 


^-Ethyl  or  butylic  hydride. 


These  formula)  do  not  show  us  whether  the  molecule  of 
methyl  or  ethylic  hydride  will  separate  at  a  and  so  be  represented 

by  the  formula  j  ^  written  thus, 
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f  ch 

I  Qjj’ ;  or  wliether  the  molecule  of  ethyl  or  butylic  hydride 

will  separate  at  c,  and  so  he  formulated  | 

when  it  should  be  represented  by  |  •  Some  experi¬ 

ments  in  connexion  with  this  subject  appear  to  show  that  these 
compounds  are  isomeric. 

A  difference  between  methyl  and  ethylic  hydride  can  only 
be  conceived  on  the  supposition  that  the  four  bonds  of  carbon 
have  not  equal  values  in  combination,  an  hypothesis  which  is  not 
altogether  unsupported  by  facts. 

Preparation. — 1.  There  is  only  one  process  of  general  applica¬ 
tion  for  preparing  these  hydrides  ;  it  consists  in  bringing  water 
into  contact  with  the  zinc  compounds  of  the  respective  radi¬ 
cals  : — 

Zn(C„H,„+0.  ■ 


+ 


Zinc  compound 
of  radical. 


20H,  = 

Water. 


Znllo,  +  2 

Zincic 

hydrate. 


2n+l  . 


H 

Hydride  of 
radical. 


The  corresponding  compounds  containing  more  positive 
metals  might  doubtless  be  substituted  for  those  of  zinc. 

2.  There  are  several  special  processes  wdiich  may  be  used  for 
preparing  these  hydrides.  Thus  all  the  hydrides  above  that  of 
methyl  may  be  obtained,  together  with  the  corresponding  dyad 
radical,  by  acting  upon  the  iodide  of  the  monad  radical  by 
zinc : — 

2|C,.H2„+i  q.  Zn  =  Znl,  +  C„Ho,.  -f  | 

I  odide  of  the  monad  Zincic  Dyad  Hydride  of 

radical.  iodide.  ratUcal.  monad  ratlical. 


Methylic  hydride,  or  marsh-gas,  is  produced  during  putre¬ 
faction,  and  by  the  distillation  of  potassic  acetate  with  excess 
of  potassic  hydrate. 

The  destructive  distillation  of  coal  and  of  allied  substances 
also  furnishes  a  large  number  of  the  members  of  this  series. 

Character. — They  are  all  distinguished  by  their  great  chemical 
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indifference,  and  by  their  forming  substitution  compounds  con¬ 
taining  chlorine,  bromine,  &c. 

The  following  list  contains  the  hydrides  of  the  monad  radicals 
hitherto  studied ; — 


Boiling-points. 


Methylic  hydride,  or  Marsh-gas . 

...  MeH 

o 

O 

Ethylic  hydride . 

...  EtH 

or  Hg 

Propylie  or  tritylic  hydride . 

...  PrH 

or  C3 

Butylic  or  tetrylic  hydride  . 

...  BuH 

or  C4  H,o 

slightly  above 

AniyUc  or  pentylic  hydride  . 

...  AyH 

or  C5  Hij 

30° 

Hexylic  or  caproylic  liydride  . 

...  CpH 

or  Cg  Hj^ 

68° 

Heptylio  hydride  . 

.. 

92-  94° 

Octylic  hydride  . 

116-118° 

Nonylic  hydride . 

136-138° 

Decatylic  hydride  . 

160-162° 

Endecatyhc  hydride  . 

••  CnS,, 

180-184° 

Dodecatylic  hydride  . 

196-200° 

Tridecatyhc  hydride . 

216-218° 

Tetradecatylic  hydride  . 

..  CUH33 

236-240° 

Pentadecatylic  hydride . 

..  C,3H33 

255-260° 

METHYLIC  HYDEIDE,  Marsh-gas,  Light  Carhuretted 
Hydrogen,  Mre-damp. 

CH  or  MeH. 

4 

2Iolecular  weight  =16.  Molecular  volume  \  I  I.  1  litre  weighs 
8  criths. 

Occurrence. — 1.  A  s  a  product  of  the  decomposition  of  orga¬ 
nic  substances  out  of  contact  with  air. 

2.  Evolved  in  coal-mines. 

3.  The  gas  of  the  mud- volcano  at  Bulganak  in  the  Crimea  is 
nearly  pure  marsh-gas. 

Preparation. — 1.  By  the  action  of  water  on  zincic  methide. 
(See  general  reaction,  p.  38.) 

2.  By  distilling  two  parts  of  potassic  acetate,  two  of  potassic 
hydrate,  and  three  of  lime : — 

{coko  + 

Potassic  Potassic  Potassic  Methylio 

acetate.  hydrate.  carbonate.  liydride. 
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3.  By  the  reduction  of  carbonic  chloride  or  of  cliloroform 
with  sodium  amalgam  and  water : — 


CCl, 

+ 

=  4HC1 

+ 

CH,: 

Carbonic 

chloride. 

Hydrochloric 

acid. 

Methylic 

hydride. 

CHCI3 

+ 

=  3HC1 

+ 

CH, 

Chloroform. 

Hydrochloric 

acid. 

Methylic 

hydride. 

4.  By  passing  carbonic  disulphide  and  hydrosulphuric  acid, 
or  carbonic  disulphide  and  steam,  over  ignited  copper : — 

CS",  +  2SH,_  +  4Cu  =  4CuS"  +  CH,. 

Cai’bonie  Sulphuretted  Cupric  Methylic 

disulphide.  hydrogen.  sulphide.  hydride. 

5.  By  the  destructive  distillation  of  organic  substances,  such 
as  wood  and  coal. 

Reactions. — 1.  When  equal  volumes  of  methylic  hydride  and 
chlorine  are  exposed  to  diffused  daylight,  methylic  chloride  is 
formed : — 


CH,  +  Cl  =  HCl  +  CH3CI. 

Methjlic  Hydrochloric  Methylic 

hydride.  acid.  chloride. 

2.  When  methylic  hydride  is  passed  through  a  red-hot  tube, 
hydrogen,  ethylene,  acetylene,  and  ethylic  hydride  are  pro¬ 
duced. 


ETHYLIC  HYDEIDE. 

CJ-I3  or  CMeH3. 

Molecular  weight  =30.  Molecular  volume  |  [~|.  1  litre  iveighs 
15  criths. 

Rreparation. — 1.  By  the  action  of  water  on  zincic  ethide 
(see  p.  38). 

2.  By  the  action  of  ethylic  iodide  on  sodic  ethide,  ethylene 
being  simultaneously  produced  : — 

CMeH.Na  +  CMeHJ  =  Nal  -f  C.^H,  -f  CMeH3. 

Sodic  ethide.  Ethylic  Sodio  Ethyleue.  Ethylic 

iodide.  iodide.  hydride. 


I 
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Reactions. — 1.  When  equal  volumes  ethylic  hydride  and 
chlorine  are  exposed  to  diffused  day^ht,  the  following  action 
takes  place  : —  / 

CMeH3  +  Cl,  =  dMeH.Cl  +  HCl. 


Ethjrlio 

hydride. 


P  Ethylic 
chloride. 


Hydrochloric 

acid. 


A  small  portion  of  the  body  CMeH.^Cl  is  ordinary  ethylic 
chloride,  which  is  a  liquid,  boiling  at  12°'5  ;  but  the  rest  is  a  gas 
which  does  not  condense  at  —18°. 

2.  When  a  mixture  of  two  volumes  of  chlorine  and  one  of 
ethylic  hydride  is  exposed  to  the  action  of  diffused  daylight,  an 
oily  liquid  having  the  composition  of  ethylenic  dichloride  is 
formed : — 


CMeH3  +  2CI3  =  C^H.Cl^  +  2HC1. 

Ethylic  Hydrochloric 

hydride.  acid. 


AMYLIC  HYDRIDE. 

or  CBUH3. 

Jifolecular  weight  =72.  Molecular  volume  |  |  |.  1  litre  of 

amylic  hydride  vapour  weighs  36  criths.  Roils  at  30°. 

Occurrence. — In  petroleum  and  coal-oil. 

Preparation. — By  digesting  zinc  and  amylic  iodide  with 
water  or  alcohol  at  100° : — • 

2CBUH3I  -P  2Zn  +  2OH3  =  2CBUH3 

Amylic  Water.  Amylic 

iodide.  hydride. 

+  ZnHo^  +  Znl,. 

Zincic  Zincic 

hydrate.  iodide. 


PARAFFIN. 

This  body  is  produced,  together  with  numerous  other  com¬ 
pounds  of  a  like  nature,  by  the  destructive  distillation  of  hog- 
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head  coal  and  similar  substances.  It  is  also  found  in  petroleum 
and  asphalt.  Chlorine  has  no  action  upon  paraffin  in  the 
cold ;  but  if  it  be  passed  into  melted  paraffin,  the  latter 
is  slowly  attacked,  hydrochloric  acid  being  evolved.  In 
this  reaction  pai-affin  resembles  the  hydrides  of  the  monad 
radicals,  and  differs  from  the  dyad  radicals,  to  which  class  it 
was  formerly  considered  to  belong.  In  the  formula  C„H2„+2  for 
paraffin,  the  value  of  n  has  not  yet  been  satisfactorily  deter¬ 
mined  ;  in  fact  it  is  probable  that  several  distinct  hydrides  of 
the  class  now  under  consideration  are  confounded  under  this 
name. 


2.  HYDRIDES  OF  THE  RADICALS  OF  THE 
PRENYL  SERIES. 

The  following  six  members  of  this  series  are  known,  viz. : — 

Boiling- 

rormulse,  points.  Sp.  gr. 


o 

Pentol .  C.  60‘0  - 

Benzol  .  80  5  0’85 

Toluol .  C,  H,  110-0  0-87 

Xylol  .  Cg  Hjo  128-5  - 

Cumol .  Cg  148  5  0-87 

Cymol .  171-4  0-86 


Preparation.- — 1.  These  hydrides  are  produced  by  the  distilla¬ 
tion  of  the  alkaline  salts  of  the  acids  containing  the  same  posi¬ 
tive  radicals,  with  excess  of  potassic  hydrate : — 

{cOKo’  +  =  COR,  + 

Potassic  salt.  Potassic  Potassic  Hydride  of 

hydrate.  carbonate.  radical. 

2.  By  the  destructive  distillation  of  various  organic  sub¬ 
stances,  such  as  coal. 

Methyl-phenyl,  CJdjMe,  is  ordinary  coal-tar  toluol. 

Ethyl-phenyl,  CJIjEt,  is  not  xylol  from  coal-tar;  it  boils 
at  1.35°,  six  or  seven  degrees  above  the  boiling-point  of  coal-tar 
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xylol.  Ethyl-phenyl  produces  a  uitro-compound  which  can  be 
distilled  ;  it  boils  at  233°.  Ethyl-phenyl,  when  oxidized  by 
chromic  acid,  gives  benzoic  acid  and  carbonic  anhydride,  while 
xylol  gives  terephthalic  acid. 

Xylol  from  coal-tar  is  dimethyl-benzol  or  methyl-benzyl, 
CgH^Me^.  It  may  be  produced  by  the  action  of  bromotoluol 
upon  methylic  iodide  in  presence  of  sodium. 

Diethyl-benzol,  by  oxidation  with  chromic  acid,  gives  water, 
carbonic  anhydride,  and  terephthalic  acid 

C,H,Et,  +  120  =  C^H^COHo),  -b  2C0,  -f  40H,. 

Diethyl  benzol.  Terephthalic  acid. 

Oxidized  with  dilute  nitric  acid,  it  gives  ethylbenzoic  acid  : — 
C„H,Et,  +  60  =  C3H,Et(COHo)  +  CO,  -t-  20H,. 

Diethyl-benzol.  Ethyl-benzoic  acid, 

Cymol  from  cumin  oil  and  from  camphor  are  isomeric. 
Methyl-xylol  or  trimethyl-benzol,  CgHgMeg,  is  the  cumol  of 
tar.  It  boils  at  165°-166°,  and  gives  a  compound  with  bromine 
fusing  at  72°-73°. 

Ethyl-xylol,  dimethyl  ethyl-benzol,  C^HgMe^Et,  boils  at  183°- 
184°,  and  by  oxidation  gives  acetic  acid  and  an  acid  resembling 
terephthalic. 

Properties. — These  hydrides  are  distinguished  from  those  of 
the  radicals  of  the  C„H2„+i  series  by  being  less  indifferent  to 
chemical  agents.  By  treatment  with  strong  nitric  acid  they 
yield  nitro- compounds  : — 

Thus  Pentol,  gives  nitropentol,  H,  (N''0,)  ? 

„  Benzol,  Cg  Hg,  „  nitrobenzol,  C,  Hj  (N''02) . 

„  Toluol,  C.,  Hg,  „  nitrotoluol,  H.,  (N'O,). 

„  Xylol,  Cg  Hjg,  „  nitroxylol,  Cg  H, 

„  Cumol,  Cg  „  nitrocumol,  CgHjj(N’0,). 

„  Cymol,  C,gH,„  „  nitrocymol,  Ci„Hj3(X''0,). 

Under  the  influence  of  reducing  agents,  these  nitro-compounds 
yield  aniline  and  its  homologues. 

Pure  nitrotoluol  is  solid  at  ordinary  temperatures.  It  boils 
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at  237°.  By  reduction  it  gives  toluidiue  ;  and  by  the  action  of 
potassic  chromate  and  sulphuric  acid,  paranitrobenzoic  acid  or 
nitrodracylic  acid  is  formed. 

So-called  liquid  nitrotoluol  is  a  mixture  of  nitrobenzol  and 
nitrotoluol. 


BENZOL,  Benzene,  Benzine,  Bhenylic  Hydride, 
Bicarhuret  of  Hydrogen. 

C.H,  or  Phil. 


H  H 

I  I 

C-C 

/  \ 

H— C  C— H 

w  // 

c— c 


H  H 


Molecular  ^veight  =78.  Molecular  volume  \  |  1  litre  of 

lenzol-vapour  weighs  39  criths.  Fuses  at  5°  5.  Boils  at 
80°-5. 

Occurrence. — In  Eangoon  petroleum  and  in  coal-tar. 
Preparation. — 1.  By  heating  benzoic  acid  with  excess  of  lime 
or  baryta : — 

{§OHo  +  =  (h®‘  +  COCao". 

Benzoic  acid.  Lime.  Benzol.  Calcic  carbonate. 

2.  By  heating  the  vapour  of  benzoic  acid  to  redness,  when 
it  splits  into  benzol  and  carbonic  anhydride : — 

{Sb’5io  =  +  C.H.- 

Bcnzoio  acid.  Carlionio  Benzol, 

anhydride. 
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3.  By  heating  phthalic  acid  with  lime : — 

+  2CaO  =  +  2COCao". 

Phthalic  Lime.  Benzol.  Calcic 

acid.  carbonate. 

4.  By  passing  fats  through  red-hot  tubes. 

5.  By  the  destructive  distillation  of  coal. 

6.  In  small  quantity,  when  the  vapour  of  acetic  acid  or  of 
alcohol  is  passed  through  a  red-hot  tube. 


SUBSTITUTION  BEBIVATIVES  OF  BENZOL. 


I.  Bromo- Compounds. 

MONOBEOMBENZOL. 


C,H,Br. 

Boils  at  150°. 

Breparation. — By  acting  with  two  atoms  of  bromine  on  boil¬ 
ing  benzol : — 

C3H,  4-  Br,  =  C,H,Br  -h  HBr. 

Benzol.  Monobrombenzol  Hydrobromio 

or  phenylio  acid, 

bromide. 


DIBROMBENZOL. 

C,H,Br,. 

Fuses  at  89°.  Boils  at  219°. 

Breparation. — By  treating  monobrombenzol  with  excess  of 
bromine. 


TRIBROMBENZOL  HiYDROBROMATE. 

CJl„Br,. 

Breparation. — By  exposing  a  mixture  of  benzol  and  bromine 
to  the  action  of  sunlight. 
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TRIBROMBENZOL. 


Preparation. — By  boiling  the  previous  compound  with  alco¬ 
holic  potash. 

The  following  graphic  formulae  show  the  probable  atomic 
relations  subsisting  between  benzol,  tribrombeuzol  hydrobro- 
mate,  and  tribrombeuzol : — 


H  H 


C-C 
/  \ 


H-C 


C— H 


w  // 


c— c 


H  H 


Benzol. 


H  H 


^  \  / 
H— C— C— H 


Br  Br 

Tribrombenzol  hydrobromate. 


H  Br 


C=C 


/ 

Br— C 


\ 


C— H 


H  Br 

Tribrombenzol. 


NITROBENZOL 
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II.  Chloro  -compounds. 

Benzol  forms  three  chloro-  substitution  compounds,  similar 
to  the  bromo-compounds  just  described. 


state  of  Fusing- 

Boiling- 

aggregation.  point. 

point.  8p.  gr. 

Monochlorbenzol  . 

C3H3CI,  Liquid... 

136°. - 

Dichlorbenzol  . . . . 

..  C„H4a,  Solid  ...  89°. 

Trichlorbenzol  .... 

..  C3H3CI3,  Oily  ...  - 

210°  1-457 

III.  Nitro-compounds. 

Two  only  have  hitherto  been  produced : — 

Nitrobenzol  .  C,H,(N''OJ  or  ]Xr(C^,H,)0,. 

Dinitrobenzol .  CgII^(N''02)^  or  lNr2(C(,IIJ"04. 


Nitrobenzol  .  C,H,(N''OJ  or  ]Xr(C^,H,)0,. 

Dinitrobenzol .  CgIl4(N''02)^  or  lNr2(C(,Il4)"04. 


NITROBENZOL. 

N(C,H,)0,  or  NPhO,,. 

Molecular  weight  =123.  Molecular  volume  I  I  I.  1  litre  of 
nitrobenzol  vapour  weighs  61’5  criths.  Fuses  at  3°. 
Boils  at  220°. 

Preparation. — By  the  action  of  nitric  acid  on  benzol 
C,H„  -b  NO,Ho  =  N(C,HJO,  +  OH,. 

Benzol.  Nitric  acid.  Nitrobenzol.  Water. 

Beactions. — 1.  By  the  action  of  reducing  or  hydrogenating 
agents,  as  zinc  and  hydrochloric  acid,  sulphuretted  hydrogen, 
acetic  acid  and  iron,  or  potassic  arsenite,  nitrobenzol  is  con¬ 
verted  into  aniline 

N(CJI,)0.,  -b  3SH.,  =  N(C„HJH,  -b  20H,  +  S3 
or  C^H.CN’O,)  +  3SII,  =  CJl3(N'"II,)  +  20H,  +  S,. 

Nitrobenzol.  Sulphuretted  Aniline.  Water, 

hydrogen. 


2.  Nitrobenzol  is  also  converted  into  aniline  when  its 
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vapour,  mixed  witli  hydrogen,  is  passed  over  spongy  palla¬ 
dium  : — 

N(C,H,)0,  +  3H,  =  N(C,H,)H,  +  20H, 

Nitrobenzol.  Aniline.  Water. 


The  relation  between  nitrobenzol  and  aniline  will  be  seen  in 
the  following  graphic  formulae : — 

H  II 

I  I* 

C’=C  o 

/  \  !l 

H— C  C— H 

\  ^  I' 

c— c  o 

I  I 

H  H 

Nitrobenzol. 


H  H 

I  I 

C  =  C  11 

tr  /  \  ' 

ir—c  c— N 

\  Z'  1 

C-C  11 


H  K 

Aniline. 


3.  By  the  action  of  sodium  amalgam  and  water,  nitrobenzol 
is  converted  into  azobenzol,  and  finally  into  hydrazobenzid ; — 


2NtCJI,)0,  -1-  n, 

NitroI)enzol. 


J  N(C„II,) 

l»r(cyi,) 

Azobenzol. 


-f  4011,. 

Water. 


-  f  N(C  JT,) 

Azobenzo 


+  ir,  = 


r  N(C,,H,)H 

lN(cvr,)ir 

Hydrazobenzid. 
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DINITROBENZOL. 


N,(C„II,)"0,. 

Ftises  below  100°. 


Preparation. — By  tre.-itiug  iiitrobcnzol  -with  a  mixture  of 
concentrated  nitric  and  sulphuric  acids. 

Beaction. — B^r  the  action  of  sulphuretted  hydrogen,  dinitro- 
benzol  is  converted  into  nitraniline : — 


N,(C,H,)"0,  +  3SH, 

Dinitrobenzol.  Sulphuretted 

hydi-ogea. 

r 


fNO., 

+  20IT,  +  S, 

[nh, 

Ifitraniliue.  W.iter. 


-c? 


Class  II. 


IITDBIDES  OF  NEGATIVE  BAEICALS. 

Only  two  of  these  are  known : — 

Cyanic  hydride  or  Hydrocyanic  acid. 

Oxatylic  hydride  or  Formic  acid. 

The  first  has  already  been  considered  (p.  27)  ;  and  the  second 
»\ill  be  more  conveniently  studied  in  connexion  with  the  fatty 
acids  (p.  121). 


CHAPTER  VI. 
the  alcohols. 

The  alcohols  form  one  of  the  most  important  of  the  families  of 
organic  compounds.  The  simplest  member  of  this  family  is 
methylic  alcohol,  which  is  derived  from  marsh-gas  by  the 
Bubstitutiou  of  one  scmimoleculo  of  hydroxyl  for  one  of 
hydrogen. 

VOL.  II. 
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CII, 

ir 

I 

H— C— II 

I 

H 

Marsli-gag. 


CITJIo. 

II 

I 

II— C— 0— II 

I 

H 

Jlethylic  alcohol. 


.  The  alcohols  have  been  termed  the  hydrated  oxides  of  the 
positive  radicals ;  but  this  is  eroueous,  as  they  do  not  contain 
water.  They  may  more  correctly  be  defined  as  the  compounds 
of  hydroxyl  with  the  positive  organic  radicals,  whence  it  follows 
that  each  series  of  positive  radicals  forms  a  corresponding 
series  of  alcohols.  The  alcohols  act  upon  and  saturate  acids, 
forming  a  family  of  compounds  termed  ethereal  salts.  The 
acidity  or  acid-saturating  power  of  the  alcohols  depends  upon 
the  number  of  semimolecules  of  hydroxyl  which  they  contain  : 
the  monad  radicals  give  monohydric  alcohols,  or  alcohols  con¬ 
taining  only  one  semimolecule  of  hydroxyl,  the  dyad  radicals 
dihydric  alcohols,  &c.  We  have  thus  the  annexed  three  prin¬ 
cipal  subdivisions  of  the  alcohol  family. 


Monohydric. 

Methyl  or  C„H2„4.iHo 

Vinyl  or '  CJh^-iIIo 
series?. 

Phenyl  or  C„iro„_.iro 
series. 


Dihydi'ic. 

Glycol  or  CyJIs/iHo^ 
series. 

Orcin  or  Ci.Hai-sIIo^ 
series. 


Trihydrio. 

GlycerinorCj.Hort^iHOj 

series. 

Pyrogallic  or  C„njii-9 
Ho,  series. 


The  following  symbolic  and  graphic  formula)  will  exemplify 
the  disposal  of  the  bonds  in  these  three  subdivisions  : — 


Monohijdric  Alcohols. 


Propylic  alcohol.  | 
{Methyl  scries.)  J 


a  C3H,IIo  or 
II  II  II 


C(CII3)IP 

CIIJIo 


H— C— C— C— 0— 11 


II  II  II 
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Allvlic  alcohol.  1  «  tt  tt  I  G(CIL)''n 

(Vinyl  series?)  j  =  ^  or  |  . 


Benzoic  alcohol. 
(Phenyl  series.) 


H 

I 

H— C=C— C— 0— H 

I  I  I 

H  H  II 


Propylenic  alco¬ 
hol, orpropylic 
glycol  . 


Glycerin 


H  H 


11 


C=C 

/  \  I 

H— C  C_c_0— II 

W  II  I 

C— C  II 


H  H 

Dihydric  Alcohols. 


=  C3lI„IIo2  or  • 


C(CIT3)HHo 

CH^Ho 


H  H  H 

I  I  I 

H— C— C— C— H 

0  0  H 

I  I 

H  II 

Trihydric  Alcohols. 

[  CIIJTo 

=  C^ir,!^  or  j  CUlTo  . 

[CII.,lIo 


II  IT  II 

,  i  I  I 

II— C— C-C— II 
o  o  o 
II  n  II 


ic  2 
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MONOJLYDBIC  ALCOHOLS: 

Methyl  or  CJIs^+iIIo  series. 

These  alcohols  may  be  divided  into  three  classes,  viz. : — 


1.  Monohydric  normal  alcohols 
.  „  secondary  „ 

3.  „  tertiary  „ 


t  cii;ho 
[  C(C,„Ho,„^i)HHo 
1  C(C,„IL,„+0.Ho- 


III  tlie  general  formula  of  the  normal  alcohols  n  may  =0, 
and  even  the  whole  radical  C(C„Il2„+i)H2  may  he  replaced  by 
hydrogen,  as  is  the  case  in  methylic  alcohol.  In  the  formula) 
of  the  secondary  and  tertiary  alcohols  n  may  also  =0,  but  m 
must  always  be  a  positive  integer.  7K 


C? 


I 

MONOllYBBIG  ALCOHOLS:  ' 


General  formula  \  CH 'ho 


I'OT' 


The  following  is  a  list  of  the  members  of  this  class  : — 


Fusing-  Boiliug- 


I  Methylic  alcoliol . 


Ijoints. 


AojA-  c. 


£ 
I 


1  cirjio 

r  cit’ 


Etliylic  alcohol  . -j^  ClI^IIo 

Pronylic  or  trilylic  al-  f  CMcIT.,  f  0(011,, )IL 

j  cohol  . I  C1I.,1I6  1  ClUio 

^  Butylic  or  totrylic  al-  f  CEtir,  f  C(C.,n,)H., 
cohol  . \  CllJIh  “■  1  CII,Ho 

Isobutylic  alcohol  . {  §iy £  °'-{  ciUlo'^ 

*  <;Amylio  or  pcntvlic  al-  f  CPrir,  I  C(C',,IL)II„ 
cohol  . .* . iciuio  icirjro 


(jCaproylio  or  hcx'ylic  alcohol  . ] 


1  Cipi  to 


points. 

CG-5. 

7S°-4. 


llo®. 

109°. 

107°. 

129°. 

128°. 

150°. 
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FuBinp;- 

Boiling- 

rcjT„ 

•■■■  ICHJIo 

^loints. 

points. 

Qinantliylic  or  heptylic  alcohol . 

170°. 

Caprrlic  or  octylic  alcohol . 

. 1  CII^Ho 

— 

190°. 

Nonylic  alcohol  . 

J 

— 

200°. 

Dceatylic  alcohol . 

rc„H., 

iCHjHo 

— 

212°, 

Cetvlic  alcohol  . 

. 1  CH,Ho 

50°. 

— 

OftroHp  nlonlml  . .  . . 

79°. 

Melissic  alcohol  . 

"  \  CH.,Ho 

r  c,ir,. 

85°. 

— 

The  lower  members  of  the  class  are  liquid,  and  the  higher 
solid.  They  are  produced  iu  a  variety  of  operations,  such  as 
destructive  distillation,  fermentation,  and  animal  secretion,  hut 
by  reactions  which  cannot  usually  be  traced. 


delations  of  the  normal  C„H2„_,.iHo  alcohols  to  the  monad 

radicals. 

1.  Tlie  radicals  C„iro„^i  which  are  combiiled  with  hydroxyl  in 
the  normal  alcohols  may  be  separated,  by  first  converting  the 
alcohol  into  an  iodide  (see  p.  9G),  and  subsequently  acting  on 
the  iodide  by  zinc  (see  p.  11). 

2.  The  radical  next  lower  in  the  series,  than  that  contained  in 
the  alcohol,  may  be  obtained  by  converting  the  alcohol  into  the 
corresponding  fatty  acid,  and  then  submitting  a  salt  of  this  acid 
to  electrolysis  (see  p.  119). 

3.  Inversely,  the  normal  alcohols  maybe  obtained  by  acting 
upon  the  normal  radicals  with  chlorine  under  the  influence 
of  light,  when  one  atom  of  hydrogen  in  the  radical  is  dis¬ 
placed  by  chlorine. 

Thus  in  the  case  of  methyl  we  have 


Methyl. 


+ 


Cl, 


J  ctt, 

(  cn,ci 

Chlorinated 

methyl. 


-f  HCl : 


Hydrochloric 

acid. 
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by  the  action  of  potassic  hydrate  upon  this  chlorinated  methyl, 
ethylic  alcohol  is  formed,  thus: — 


Chlorjnated  Potassic 

methyl.  liydrate. 


J  CII3 

t  CH,no 


Ethylio 

alcohol. 


+  KCl. 


Potassic 

chloride. 


This  reaction  requires  further  investigation  (see  p.  55). 


Belations  of  the  normal  C„Il2„+iHo  alcohols  to  the  dyad  C„H3„ 

radicals. 


1.  The  C„Ho„  radicals  are  obtained  from  the  normal  C„H2„+iHo 
alcohols  by  the  abstraction  of  the  elements  of  water  : — 


CH3 

Cfl.Ho 

Ethylic 

alcohol. 


OH, 3 


AVater. 


f  CH. 

Ich; 

Ethylene. 


2.  Inversely,  the  normal  alcohols  are  obtained  from  these 
radicals  by  first  uniting  the  latter  with  hydrochloric,  hydro- 
bromic,  or  hydriodic  acid,  and  then  treating  the  product  with 
potassic  hydrate : — 


J  CIE 

1  CH.' 

-b  HCl  =  j 

fCH3 
'  CH^cr 

Ethylene. 

Hydrochloric 

Ethylic 

acid. 

chloride. 

j  0113 

1  ClLCl 

-b  KHo  = 

f  C1I3 
t  CH3H0 

-b  KCl. 

Ethylio 

Potaasio 

Ethylic 

Potassic 

clilorido. 

hydrate. 

alooliol. 

chloride. 

Or  by  uniting  tlie  dyad  radicals  with  sulphuric  acid,  and 
distilling  tlie  product  with  water : — 


SO.^IIo^  -b  C.3II,  =  S03lIo(C3H,0)  : 

Stilplmric  Etliylone.  Sulphovinio  acid, 

acid. 


SO^EtoIlo  +  OIL 

Suliihovinic  Watex’. 

acid. 


SO3H03  +  Etllo. 

Sulphuric  Ethvlic 

acid.  ’  alcohol. 

f-  .U  ‘.  -.Aj.JL-i 
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Eelations  of  the  normal  C„H2„+iHo  alcohols  to  the  hydrides 

C„H2„+i 

1.  Wheu  tlie  alcohols  are  converted  into  iodides  (see  p.  96) 
and  the  latter  digested  with  zinc  and  water  at  100°,  the  corre¬ 
sponding  hydrides  are  produced  (see  p.  38). 

2.  "When  the  hydrides  of  the  C„H2„+i  radicals  are  acted 
upon  by  chlorine  under  the  influence  of  light,  they  produce 
the  chlorides  of  the  radicals,  from  which  the  alcohols  may  be 
obtained  by  the  action  of  potassic  hydrate : — 


EtH 

Ethylic 

hydride. 

+ 

Ci^ 

=  EtCl 

Ethylio 

chloride. 

+ 

HCl; 

Hydrochlo¬ 
ric  acid. 

EtCl 

Ethylio 

chloride. 

+ 

KHo 

Potassic 

hydrate. 

=  EtHo 

EtliThe 

alcoliol. 

+ 

KCl. 

Potaisio 

chloride. 

The  greater  quantity  of  the  chlorine  compound  so  formed  is 
isomeric  with  the  chloride  of  the  radical,  and  possibly  gives  a 
corresponding  isomeric  alcohol. 


Eelations  of  the  C„Il2„^iHo  alcohols  to  the  radical  cyanogen. 
Ascent  of  the  alcohol  series,  llendins' s  reaction. 

By  the  dry  distillation  of  potassic  sidplioviuate  and  its  homo- 
logues  with  potassic  cyanide,  the  nitriles  or  abnormal^cyauides 
of  the  radicals  are  produced  : — 


Ethyl  ic 
nitrile. 


SO.EtoKo  -1-  KCy  =  SO^Ko,  +  EtCy. 

Potassic  Potassic  Potassic 

sulphovinate.  cyanide.  sulphate. 


By  treatment  with  nascent  hydrogen,  this  etliylic  uitrilo 
is  converted  into  propylamine : — 

NC(CMeII,)  +  H,  =  N[C(CMelT,)lIJIE  or  NBrll,. 

Etliylic  nitrile.  Propylnminc.  . 

■*  !  t  Jt..-  '  -  I  '  ’L-l 

f/  h  ,1-  . 
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By  the  action  of  nitrous  anhydride,  propylamine  is  trans¬ 
formed  into  isopropylic  alcohol : — 

2NPrH,  +  N^O.,  =  2|8PrHo  +  OIP  +  2'N,. 

Propylamine.  Nitrous  Isopropylio  Water, 

anhydride.  alcohol. 

It  is  obvious  that  hy  repeating  these  reactions  on  isopropylic 
alcohol,  butylic  alcohol  would  be  obtained,  the  homologous 
series  of  alcohols  being  ascended  one  step  at  each  repetition  of 
the  process.  But  the  alcohols  are,  if  possible,  secondary  or 
tertiary. 

METHYLIC  ALCOHOL,  Wood  Spirit,  Pyroxylic  Spirit. 

CH3H0  or  Mello. 

Molecular  weight  =32.  Molecular  volume  |  '|  1-  1  lilt's  of 

onethglic  alcohol  vapour  iceighs  IG  criths.  Sp.  gr.  0'798. 
Boils  at  G6°‘5. 

Preparation. — 1.  Prom  marsh-gas,  by  the  action  of  chlorine 
and  subsequent  treatment  with  potassic  hydrate: — 


CH, 

Marsh- 

gas. 

CI3  = 

CH3CI 

Methylic 

chloride. 

+ 

IICl; 

Ilydrochlo- 
ric  acid. 

CH3CI 

Methylic 

chloride. 

+ 

KHo  = 

Potapsic 

livdratc. 

CH3H0 

Methylic 

alcoliol. 

+ 

KCl. 

Potassic 

chloride. 

2.  Prom  the  essential  oil  of  Gaultheria  procumbens,  by  the 
action  of  potassic  hydrate : — 

C.H.OMeoHo  +  KHo  =  CJr.OHoPo  +  MelTo. 

OW  Gaultheria  pro^  Pota^sio  Pot  isric  salicylate,  ATethylic 

cumbens.  (Metho-  liytlrate.  alcohol, 

salicylic  acid.) 

3.  By  the  destructive  distillation  of  wood. 

Reactions. — 1.  Methylic  alcohol  unites  with  some  salts  in  the 
capacity  of  water  of  crystallization,  as,  for  instance, — 

CaCh,2]\[eIIo. 

2.  By  the  action  of  potassium  and  sodium,  methylates  arc 
formed  with  elimination  of  hydrogen  : — 

Cir^Ko.  CJT3Nao. 

I’otnssio  Sodic 

methylate,  methylate. 


ETHYLIC  ALCOHOL. 
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3.  By  oxidatiou  it  is  transformed  into  formic  acid : — 
{cH,Ho  +  O2  =  {cOHo  + 

Methylio  Formio  acid.  Water, 

alcohol. 


4.  When  distilled  with  calcic  chloro-hypochlorite  {chloride  of 
lime)  and  water,  chloroform  is  produced. 


20113110  +  4Ca(OCl)Cl  =  2CHCI3  + 


Jlcthylio  Calcic  chloro-  Cliloroform. 

alcohol.  hypochlorite. 


CaCl 

0 

Ca” 

0 

Ca" 


0 

^CaCl 

Calcic  oxy¬ 
chloride. 


+ 


3OH3. 


Y'ater. 


ETHYLIC  ALCOHOL,  Alcohol,  Sjnril  of  IVinc. 


JCH3 
t  CH3H0 


or  EtHo. 


Idolecular  xceif/lit  =46.  Molecular  volume  \  I  I.  1  litre  of 
ethylic  alcohol  vapour  wciyhs  23  criths.  Sp.  yr.  0  792  at 
20°.  Boils  at  78°-4. 


Preparation. — 1.  Erom  ethylene  (p.  51). 

2.  By  the  fermentation  of  grape-sugar  with  yeast  at  a  tempe¬ 
rature  of  about  22° : — 

=  2C3H3H0  -h  2CO3. 

Grape-sugar.  Ethylio  Carbonio 

alcohol.  anhydi'icU’. 


At  the  same  time,  however,  other  products  arc  formed,  but 
in  very  small  quantities. 

Reactions. — 1.  Treated  with  potassium  or  sodium,  alcohol 
forms  ethylates : — 


/  cir, 

[  CILKo- 

Potassio 

ethylate 


jCH, 

I  CH^Nao- 


Sodio  ethylate. 
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2.  AVlieu  passed  through  a  red-hot  tube,  alcohol  is  decom¬ 
posed  into  marsh-gas,  hydrogen,  and  carbonic  oxide : — 


C,H,Ho  =  CH,  +  H,  -f  CO. 

Ethylic  Marsh-  Carl)onio 

alcohol.  gas.  oxide. 


Small  quantities  of  ethylene,  benzol,  and  naphthalin  are 
simultaneously  produced,  whilst  carbon  is  deposited. 

3.  By  oxidation,  ethylic  alcohol  is  converted  first  into  alde¬ 
hyde,  and  then  into  acetic  acid ; — 


CH3 

CH3H0 

Ethylic 

alcohol. 


+ 


0 


I  COH  + 

Aldehyde.  Water. 


fCH^ 

1  COH 

Aldehyde. 


+  0 


/CH3 

i  COIIo- 

Acetic  acid. 


4.  Distilled  with  chloride  of  lime,  ethylic  alcohol  produces 
chloroform. 

Alcoliolates  arc  salts  containing  alcohol  in  the  place  of  water 
of  crystallization  ;  they  are  mostly  decomposed  immediately  by 
water. 

The  following  are  known  : — 


ZnCl,  2C,H3Ho. 

CaCk',  4C.JLH0. 

N^O.Mgo'^GCJi.Ho. 

5.  Treated  with  chlorine  as  long  as  hydrochloric  acid  is 
evolved,  it  is  transformed  into  etliylic  chloride  and  chloral 
hydrate  (the  aldehyde  of  trichloracetic  acid) : — 


5 


f  CII3 
[  ClIJIo 


+  4Ck  = 


Ethylic  alcohol. 


Chloral  hydrate. 


f  CII3 
1  ClLCl 


Ethylic 

chloride. 


+  41IC1. 


MERCAPTAN. 
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MERCAPTAN,  Sulphur  Alcohol,  Eth/lic  sulphlnjdrate, 
Sydrosulphate  of  Ethyl. 

CH, 


Ch'Hs 

Molecular  toeight  =62.  Molecular  volume  |  |  |.  1  litre  of 

mercaptan  vapour  tveighs  31  criths.  S2).  gr.  of  liquid- 
0'835.  Boils  at  63°. 

Preparation. — By  distilling  potassic  sulphovinate  with  po- 
tassic  sulphhydrate : —  ^ 

+  KHs  =  EtHs  +  SO,Ko,. 

Mercaptan. 


SO^EtoKo 

Potassic 

sulphovinate. 


Potassic 

sulphhydrate. 


Potassic 

sulphate. 


Reactions. — 1.  By  the  action  of  potassium  and  sodium  on 
mercaptan,  an  atom  of  hydrogen  is  displaced  by  the  metal,  pro¬ 
ducing  mercaptides  : — 

CH3  J  CH, 

CH^Ks-  [  CH^Nas- 

Potassic  ,  Sodic 

mercaptide.  mercaptide. 

2.  Mercaptan  acts  upon  mercuric  oxide  with  great  energy,  a 
white  crystalline  mercuric  mercaptide  being  formed : — 


+  OIE. 


Water. 


Propylic  alcohol,  j  qjj  jjj,  is  obtained  from  the  fusel  oil 
of  the  marc  brandy  of  the  south  of  France. 

Butylic  alcohol,  |  is  contained  in  the  fusel  oil  pro¬ 

duced  in  the  preparation  of  spirit  from  the  molasses  of  beet- 
root  sugar.  Butylic  alcohol  of  the  form  |  is  obtained 

from  butylic  acid  by  Piria  and  Wurtz's  reactions,  described  at 

p.  120. 


JCH3 

JCH3  , 

[CH^Hs  + 

HgO  = 

1  CH.,-rr 

ich; 

Mercaptan. 

Mercuric 

JMercuric 

oxide. 

mercaptide. 

CO 
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Amijlic  alcohol,  |  CH  Ho'’  constituent  of  the 

fusel  oil  obtained  in  the  manufacture  of  alcohol  from  potatoes 
or  grain.  Two  other  normal,  isomeric  amylic  alcohols  are 
given  ill  the  Table  at  p.  52. 

As  far  as  these  alcohols  have  been  studied,  they  resemble,  in 
their  chemical  relations,  the  tivo  previously  described. 


S‘ 

r 

>// 


SECONDARY  MONORYDRIG  ALCOHOLS. 

General  formula...  |  ^(clSliOHHo- 

The  secondary  alcohols  differ  from  the  normal  in  yielding, 
by  oxidation,  ketones  instead  of  acids. 

Seven  secondary  alcohols  are  at  present  known ; — 

Boiliiig- 

poinls. 

Isopropylic  alcohol  or  dime-  J  CH, 
thyl  carbinol  . 1  CMellllo 

Methyletliyl  carbinol . |  . 

Methylpropyl  carbinol  . |  . 

Methyllsopropyl  carbinol  ...  |  . 

Pseudohexylic  alcohol  or  me-  f  CPrH,  22^ 

thylbutyl  carbinol  .  I  CMelillo 

f  CIT 

Methylhexyl  carbinol . ^  C(CJI,3)HHo . 

r  CPI 

Methylnonyl  carbinol  . |  0(CJI,3)niIo  . 

The  first  is  obtained  by  the  action  of  nascent  hydrogen  on 
acetone : — 

fCH,  jj  _  fCH, 

iCOMc  +  “  iCMellHo- 

Awtoni'.  laopropylio'nlcoliol. 


ISOPROPYLIC  ALCOHOL. 


Cl 


The  relation  existing  between  etbylic  alcoliol,  propylic 
alcohol,  and  isopropylic  alcohol,  will  at  once  be  evident  from 
the  following  formulae  : — 


CH, 

CH,Ho- 

Ethylic  alcohol. 


r  c(ch3)h, 

t  CH3H0  • 

Propylic  alcohol. 


fCH. 

\  C(CH  )HHo' 

Isoi)ropylio  alcohol. 


/ 


From  these  formulte  it  is  seen  that  propylic  alcohol  is  ethylic 
alcohol  in  which  one  atom  of  hydrogen  in  the  methyl  (or  non- 
oxygenated  part  of  the  compound)  is  displaced  by  methyl ; 
whereas  isopropylic  alcohol  is  ethylic  alcohol  in  which  one  atom 
of  hydrogen  in  the  oxygenated  part  of  the  compound  is  dis¬ 
placed  by  methyl. 


78°-4 

97 

8d 


Ethylic  alcohol  boils  at 
Propylic  alcohol  „ 

Isopropylic  alcohol  „ 

Thus,  by  substituting  an  atom  of  methyl  for  one  of  hydro¬ 
gen  in  the  non-oxygenated  part  of  the  alcohol,  the  addition  of 
CH,  raises  the  boiling-point  18°‘6 ;  whilst,  if  an  atom  of  hy¬ 
drogen  in  the  oxygenated  part  be  similarly  displaced,  the  same 
addition  only  raises  the  boiling-point  5°'6. 

Isopropylic  alcohol  yields  by  oxidation  a  ketone,  and  not  an 
acid.  The  radical  oxatyl  being  a  necessary  constituent  in 
organic  acids,  it  will  be  seen  from  the  following  equations  that, 
although  propylic  alcohol  can  be  converted  into  an  acid  without 
the  disruption  of  its  carbon  atoms,  isopropylic  alcohol  cannot 
be  so  transformed  : — • 


i 

ItiX 

\  . 

Ucr  virC, 


JCH3 

[  CHJIo 

Ethylic  alcohol. 


+  0  = 


^  -f-  OH 

i  COHo  + 


H 


H— C— 


H 


Acetic  acid. 

H  :  0 


U* 

A^'ater, 


— C— H 


11— C- 


-c 


H 


0 

I 

H 


H 


0 

1 

H 
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fcccnoH,  ,  0  -  /c(CH3)n,  qjj 

Ininr,.  +  cOHo  ^  ^  - 

Propionic  acid. 


1  ClIJIo 

Proiiylic  alcohol. 


IT 

11— C— 

I 

.  It 


II 

I 

-C- 

I 

n 


foil, 

1  C(CIl3)HIIo 


II 

— cLii 
I 

o 
I 

ir 

+  o 


Isopropylic 

alcohol. 


II 

II— c  — 

I 

II 


II 

— c— 
I 

0 

I 

It 


II 

1 

— C— II 
II 


II 

I 

II— c  — 

I 

It 


n 
I 

— c— 
I 

H 


O 

il 

— c 

I 

o 


_  JCH, 

-  IC0(CIT3) 

Acetone. 

H  II 

I  I 

II— C— C— C— H 

I  II  I 

H  0  II 


Water. 


H 

+  OK. 


2* 

Water. 


TEBTIARY  MONOHYDBIC  ALCOHOLS. 

General  formula .  {  ‘ 


The  following  members  of  this  series  are  known  ; — 


Pseuclobutylic  alcohol  or 

Boiline- 

points. 

|cMe3iro  . 

.  82°'5. 

trimethyl  carbinol  . 

Dimcthylcthyl  carbinol ... 

CEtMcJIo  . . 

.  100°. 

Dimctbylpropyl  carbinol 

CPrMcJIo  . 

.  120°. 

Dimethyl  isopropyl  carbinol  C/3PrMc.,Ilo  . 

.  112° 

Mctbylclietliyl  carbinol  ... 

CEUIello  . 

.  115°. 

Triethyl  carbinol  . 

CEt3lIo  . 

.  111°. 

Dietliylpropyl  carbinol  ... 

CPrEUIo  . 

Yseudohufi/lic  alcohol, 

I  cir 

1  CMe  IIo’  small  quantities 

MONOHYDRIC  ALCOHOLS. 
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ia  butylic  alcohol  obtained  by  fermentation ;  it  has  also  been 
produced  by  acting  with  zincic  methide  on  acetylic  chloride, 
and  submittiug  the  product  thus  obtained  to  the  action  of 
water : — 

{coh  + 

Aeetylio  Zincio  Zincic  chlor- 

chloride.  methide.  methide. 


fCH, 

I  C31e.(Zn''MeO) 


+ 


20ir, 

Water. 


JCII3 

1  CMe^Ho 

Pseudobutylic 

alcohol. 


II 

H— C- 

I 

II 


+  CII^  +  Znllo^. 

Methvlic  Zincic 

hydride.  hydrate. 


H— C— H 


-C- 

I 

0 


II 

-C-II  ori^H^ 

y  I  c(ch3),ho- 
11 


H 


Pseudobutylic  alcohol. 


CHAPTER  VII. 

2IONO IIYBBIC  AL CO  TIOLS : 

Vinyl  or  C„no„_iHo  series. 

Two  alcohols  only  of  this  scries  are  known  ;  of  these  the  first 
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is  a  secondary,  and  tlie  second  a  normal  alcoliol : 


A^iuyllc  alcoliol..."  |  or  CMe"HIIo. 

Allylic  alcoliol  •■•{chHo^- 


H-C=C— 0— II 
H  11 

Vinylic  alcoliol. 


H 

11— C=C— C— 0— II 


II  II  II 

Allvlicj  alcohol. 


VINYLIC  ALCOHOL. 

"  /  CH.  p 
t  CHHo ' 

Preparation. — By  combining  acetylene  witli  sulphuric  acid 
and  distilling  tlie  product  with  water,  in  the  same  manner  as  in 
the  preparation  of  ethylic  alcohol  from  ethylene  (p.  51)  : — 

SO,Ho,  +  CJB  =  SO,(CJi30)Ho. 

Sulpliurie  Acetylene.  Sulphovinylic  acid, 

acid. 

SO.XC3ll30)I-Io  +  oil,  =  SO3II03  +  CiMe"IIHo. 

Sulphovinylic  acid.  Water.  Sulphuric  Vinvlic 

acid.  alcohol. 

This  alcohol  is  isomeric  with  aldehyde  and  with  ethylenic 
oxide : — 

„  r  cii,  r  cir, 

1  GHilo  i  coil 

Vinvlic  Aldeliyde. 

alcohol. 

f  ''0JT 

If  the  above,  and  not  j  be  the  true  formula  for 

vinylic  alcohol  from  acetylene,  it  is  obvious  that  this  body  could 
not  yield  an  acid  bj^  oxidation ;  but  if  the  latter  formula  repre- 
BCiits  it,  tliis  alcohol  is  normal  and  ought  to  yield  on  oxidation 

r  "cii 

an  acid,  j  coilo’  acrylic  acid. 


0. 


fCH. 

\  ch; 


Ethylenic 

oxide. 


REACTIONS  OE  ALLYLIC  ALCOHOL. 
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ALLYLIC  ALCOHOL. 


CMe"H 


or  All  Ho. 


CH,Ho 

Boils  at  96°‘5.  8p.  gr.  ofliqidd  at  0°«=0'870!). 

Preparation. — Glycerin,  when  submitted  to  the  action  of  di- 
phosphorcus  tetriodide,  yields  allylic  iodide: — 


fCiHHo  fCH, 

+  2  \  CHHo  =  2  \CH  +  2POHII0.,  +  I... 
[CHJio  {CHJ 

Diphosphorous  '  Glycerin.  Allylic  Phosphorous 

tetriodide.  iodide.  acid. 


The  allylic  iodide  is  then  decomposed  by  argentic  oxalate, 
when  allylic  oxalate  is  formed  : — 


2  4111  +  I  CO  Ago 
+  I  cOAgo 

Allylio  Argentic 

iodide.  oxalate. 


f  COAllo 
\  COAllo 

Allylio 

oxalate. 


+  2AgI. 

Argentic 

iodide. 


The  allylic  oxalate  is  next  decomposed  by  ammonia,  when 
oxamide  and  allylic  alcohol  are  produced : — 


f  COAllo 
[  COAllo 

Allylio 

oxalate. 


+  2NH3 

Ammonia. 


CO(N'''H.,) 

CO(N"'Hj 

Oxamide. 


+  2AIIH0. 

Allylio 

alcohol. 


Eeactions. — 1.  In  all  ordinary  reactions,  allylic  alcohol 
behaves  like  ethylic  alcohol.  By  oxidation  it  gives  acrylic  acid: — 


Ci^Ie"!!  , 
CH,Fo 

Allylic 

alcohol. 


0. 


CMe"H  , 
COHo 

Acrylic 

acid. 


Oil,. 

Water. 


2.  With  phosphoric  anhydride  it  yields  allylene : — 


II 

jClT, 

11— c- 
1 

c~c— ir  =  c  , 
"  { cri 

H 

1 

/j  •'*  ti 

0 

1  V. 

VOL.  II. 


P 
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Among  the  ethereal  salts  of  allylic  alcohol,  the  sulphide  and 
sulphocyauate  occur  in  nature  as  garlic  and  mustard  oils  : — 


fCMe"H 
1  CH., 

^  s"  ■  . 

CH 

^CMe"H 

Allylic 
sulpliidc. 
(Garlic  oil.) 


f  CMe"H 
1  CH., 

|n  ■  * 

"Ics" 

Allylic 

siil})hocyanate. 
(Mustard  oil.) 


CHAPTER  VIIL 

MONORYDBIC  ALCOHOLS-. 


Phenyl  or  C„H2„_7  series. 

These  alcohols  may  he  divided  into  a  normal  and  a  tertiary 
class.  TliC  members  of  the  first  class  possess  the  general 
character  of  the  normal  alcohols  of  the  ethyl  series,  ^¥hile  those 
of  the  second  class  exhibit  a  slightly  acid  character. 

Class  I.  Normal  Alcohols. 

General  formula 


f  C 

t  CIUIo- 


/  cjr, 

I  CiPHo  • 


Benzylic  alcohol* 


BENZYLIC  ALCOHOL.  G7 

^  1  r  1  T,  1  •  f  C„MeH, 

Xylylic  alcohol  . |  CH,Ho ' 

Cumylic  alcohol  .  |  ^ 

Sycocerylic  alcohol . | 

Class  II.  Tertiary  Alcohols. 

General  formiila .  C„Il2„_7lIo. 

Phenylic  alcohol.  Carbo¬ 
lic  acid*  .  C3H5H0. 

Cresylic  alcohol  .  CgMeH^IIo. 

f  Phlorol .  C,EtH,Ho. 

(_  Dimethyl-phenylie  alcohol  CgMCjIIjHo. 

Thymylic  alcohol .  CgEt^Hgllo  ? 

Class  I.  NOHIIAL  ALCOHOLS. 

BENZYLIC  ALCOHOL. 

I  C„II, 

1  CHJIo  • 

Boils  at  204°. 

Preparation. — 1.  By  treating  oil  of  bitter  almonds  with  alco¬ 
holic  potash  : — 

aJCA  gjj  _  fcji,  fcji, 

^\COH  +  “  tciljlo  +  jcOKo- 

Benzoic  aldehyde.  Botassic  Benzylic  alcohol.  Potaesio 

(Oil  of  bitter  hydrate.  benzoate, 

almonds.) 

_ _ I _ 

/ 

/  *  ir_c==c— n 

'  I  I 

ll_tj  L'-O-II 

;  II  II 

.  .  ir-c-c— ir 

ki  .  f2  , 
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2.  Beuzyllc  alcohol  may  bo  obtained  from  toluol  by  first 
converting  the  latter  into  toluylic  chloride  by  the  action  of 
chlorine — 


J 

t  CFIJI 

Toluol. 

(Toluylic  hydride.) 


+  Cl.  = 


J  0,11, 

[  CHXd 

Toluylic  chloride. 


+  IICl; 

Uydroehloric 

acid. 


and  then  submitting  the  toluylic  chloride  to  [the  action  of  po- 
tassic  hydrate  : — 


J  C.1I, 
t  cicci 

Toluylic 

chloride. 


KHo  = 

Pot  \sgio 
hydrate. 


ojl, 

CH.Ho 


Benzylic 

alcohol. 


+  KCl. 

Potassic 
chloride . 


3.  By  digesting  benzylic  chloride  •\vitli  freshly  precipitated 
plumbic  hydrate  :  — 


^{Shxi  + 

Toluylic  or  Plumbic 

Benzylic  chloride.  hydrate. 


PbCb 

Plumbic 

chloride. 


+ 


C,H 
CHHo 


Benzylic  alcohol. 


4.  By  passing  a  mixture  of  hydrogen  and  the  vapour  of  ben- 
zoylic  chloride  over  heated  spongy  palladium  : — 


0,11,  , 

COCl  ^ 


Benzoylio  chloride. 


211, 


C,H. 
CH,Ho 

Benzylic  alcohol. 


IICL 


Class  II.  TEBTIAUT  ALCOHOLS. 

PHENYLIC.  ALCOHOL,  CarhoUc  Acid,  FhenijUc  Acid. 
C.IIJIo  or  Bhllo. 

Molecular  iceiglit  =91.  Molecular  volume  FTI.  1  Hire  of 
])liemjlic  alcohol  vapour  xceiglis  47  criths.  Sj).  gr.  I'OGu  at 
18°.  Fuses  at  34°.  Foils  at  188°. 

Occurrence. — In  coal-tar,  and  in  small  quantity  in  the  urine 
of  man,  of  the  cow,  and  of  the  horse. 
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Preparation. — 1.  By  the  distillation  of  salicylic  acid  with 
baryta  or  lime  : — 


f  C„H,Ho 
1  COHo 

Snlicylio 

acid. 


C„H,Ho  +  CO,. 

Phenylio  Carbonic 

alcohol.  anhydride. 


2.  It  is  also  produced  in  the  destructive  distillation  of  nume¬ 
rous  organic  substances. 

3.  Phenylic  alcohol  is  formed  when  the  vapour  of  ethylic 
alcohol  or  acetic  acid  is  passed  through  a  red-hot  tube.  In  this 
manner  phenylic  compounds  may  be  obtained  from  their  ele¬ 
ments  ;  for  both  acetic  acid  and  alcohol  may  be  built  up  from 
carbon,  hydrogen,  and  oxygen. 

4.  Phenylic  alcohol  is  generated  when  aniline  hydrochlorate 
is  treated  with  potassic  nitrite  : — 

NPhH3Cl  -f-  NOKo  =  PhHo  -p  IvCl  -f  OH,  -p  N,. 

Aniline  Potaesio  Phenylic  Potassic  Water, 

hydrochlorate.  nitrite.  alcohol.  chloride. 


Reactions. — Treated  with  chlorine,  bromine,  or  nitric  acid, 
phenylic  alcohol  produces  a  series  of  substitution  products,  of 
which  the  following  are  examples  : — 


Dichlorphenylic  acid . 

Trichlorphenylic  acid . 

Perchlorphenylic  acid-* . 

Bromphenylic  acid . 

Isitrophenylic  acid . 

Dinitrophcnylic  acid . 

Trinitrophenylic  acid.  {Picric 
acid.)  . 

Amidodluitrophenylic  acid. 
{Picramic  acid.) . 


C,H3C1,IIo. 

C^IIX’l^Ho- 

C.ClJIo. 

C,ir,BrIIo. 

C,H,(N''0,)IIo. 

CJl3(N'0,yio. 

cjp(Nvo,yio. 

C„lf,(N"'ir,)(N'0,)JIo. 
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CRESYLIC  ALCOHOL. 

C^MeHJIo. 

Boils  at  201°. 

This  alcohol  is  contained  in  creosote  ;  it  is  isomeric  with 
benzylic  alcohol. 


CHAPTER  IX. 

BIRYBBIC  ALCOHOLS. 

Glycol  or  CnHjJIOj  series. 

The  following  is  a  list  of  the  glycols  at  present  known,  with 
their  probable  constitutional  formulm ; — 

.,Ho 
‘Ho 

■  Propylic  glycol...  Call.O,  or  { 

^  •••  01’  {ch!h?'^ 

Ainylic  glycol  ...  or  |  cr™*’ 

Methylic  glycol  has  not  been  obtained. 

The  existence  of  normal,  secondary,  &c.  alcohols  of  this  sub¬ 
division  has  not  yet  been  clearly  established ;  but  ethylic  glycol 
is  probably  a  normal  glycol,  whilst  propylic,  butylic,  and  amylic 
glycols  are  generally  considered  to  be  secondary  glycols,  as 
show'U  in  the  above  formuhT. 

It  Avill  be  observed  that  the  boiling-points  of  the  glycols 
differ  from  each  other  in  a  direction  inversely  to  that  previously 
< .  noticed  in  the  case  of  the  normal  monohydric  alcohols :  the 
moro  complex  substances  boil  at  a  lower  temperature  than 
jr ,  the  simpler  ones. 

V 

, ;  •  /o  " 


Glycol  or  Ethylic  I  Q  |  CH 
glycol  .  J  -  -  [  CH 


Boiling-points. 

197°5. 

188°-189°. 

183°-184°. 

177°. 


DERIVATIVES  OF  GLYCOL. 
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GLYCOL.  ETHYLIC  GLYCOL,  Mhylenic  Alcohol, 

j  CHJIo 

\  ch:ho- 

Molecular  iceiglit  =G2.  Molecular  volume  I  I  |.  1  litre  of 

ethylic  glycol  vapour  xoeighs  31  criths.  Sp.  gr.  1'125. 
Boils  at  197°'5. 


^Preparation. — Ethylenic  dibromide  is  treated  witli  argentic 
acetate,  and  thus  converted  into  etbylenic  diacetate’: — 


I  +  2CMeOAgo  = 

Ethylcnio  Argentic  acetate, 
dibromide. 


J  ClL-O-CMeO 
\  CH^-O-CMeO 

Ethylenio  diacetate. 
(Diacetic  glycol.) 


+  2AgBr. 

Argentic 

bromide. 


The  ethylenic  diacetate  is  now  acted  upon  by  potassic  hydrate, 
and  yields  potassic  acetate  and  glycol : — 


CH,-0-CMeO 

CH^-O-CMeO 

Ethylenic  diacetate. 


+  2KHo 

Potas-sic 

hydrate. 


CHJlo 

CHJIo 

Glycol. 


+  2CMeOKo. 

Potassic  acetate. 


Peactions. — 1.  Glycol  is  easily  oxidized,  the  first  product  of 
its  oxidation  being  glycollic  acid  : — 


J  CH,Ho 
1  CH,Ho 

Glycol. 


+ 


0, 


CHJIo 

COHo 


Glycollic 

acid. 


+ 


OH,. 

Water. 


2.  By  further  oxidation  o.xalic  acid  is  formed : — 


J  CH,Ho 
[  CH,Ho 

Glycol. 


+ 


O. 


_  j COHo  , 
“  t  COHo 

Oxalic 

acid. 


2011,. 

Water. 


3.  Potassic  oxalate  is  produced  by  heating  glycol  and  po¬ 
tassic  hydrate  togetlicr  to  250° ; — 


J  CHJIo 
[  CHJIo 

Glycol. 


+  2KHo 

Potassic 

hydrate. 


COKo 

COKo 

Potassic 

oxalate. 


+  Ha- 
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4.  Treated  with  potassium  or  sodium,  the  hydrogen  of  the 
hydroxyl  in  glycol  is  replaced  in  two  successive  stages  : — 


r  CH^Nao 

tCH^Ho  ’ 

Monosodic  glycol. 


J  CH^Nao 

1  CH.Nao  • 

Disodic  glycol. 


Tlie  following  list  contains  some  of  the  principal  derivatives 
of  glycol : — 


f  CH.,Ho 
jCH'Ho- 

Glycol. 


J  CH,Hs 
1  CH,Hs  • 

Suliihur  glycol. 


CH,Ho 
CH^Cl  • 

Chlorhydrio 

glycol. 


r  CH.,Ho 

1  ClC^Br 

Bromhydric 

glycol. 


f  CH,Eto 
\  CHiBr 

Bromethylic 

glycol. 


J  CH,Eto 

1  ClOlo  • 

Hydric  etliylie 
glycol. 


f  ClEEto 
t  ClI^Eto  • 


JDiotlivlio 

glycol. 


rCir,Br 

I  CH,; 

-<;  0  or 
I  CO 
.0113 
Glvcollic 
acotobroniide. 


CH3r 

CIl'-O-CMeO- 


fcnjio 

I  Gli: 

O 

I  CO 
,  ClI, 


or 


cirjTo 

Cll'-O-CMcO- 


IMnnaccUo 

glycol. 


fcn,, 

CO 

0 

,  CIE  J  Cir..-0-CMe0 
CiE  I  ClE-O-CMcO- 
O 

CO 

Cir3 

Diacetic  glycol. 


POLYETHYLENIC  GLYCOLS. 
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rcH3 

CO 

o 


CH, 

ch: 

o 

CO 


or 


J  CH,-0-CMeO 
1  CH;-0-CPrO  • 


Acetobutyrio  glycol. 


or 


Triethyleuic  glycol 


or 


O 

CH., 

CH, 

O 

CIUIo 

Peutctliyleulc  au4  /  hexethyleuic  glycols  have  also  been 


CIlJIo 

cji. 

or  <  , 

I  CIIJIo 


o 

c^/W 


POLYETHYLENIC  GLYCOLS, 

Folyetliylenic  Alcohols. 

These  bodies  are  produced  by  heating  ethylenic  oxide  with 
glycol  in  sealed  tubes,  and  by  other  processes.  They  may  be 
regarded  as  formed  by  the  addition  of  ethylenic  oxide  to 
glycol.  ^ 

CH, 

Diethylenic  glycol  ...  <(  CH., 

I  o  ■ 

I  CHJio 
f  Ch'Ho 

ch: 
ch: 

0 

CH, 

CH, 

O 

:  CH,Ho 
^CH.,Ho 
CH,: 

CH., 

O 

Tctrethylenic  glycol  CH„ 


CH,,pro 

CA 

^CH,Ho 

^  CH.,Ho 
C,H, 

O 

CJI^  • 
O' 

CH.,Ho 


^CyU 


formed. 


/  i 
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CHAPTER  X. 
niHYDBIO  ALCOHOLS. 


Orcin  or  C„Ho,._gIIo3  series. 


Like  the  phenyl  series,  the  orcin  series  of  alcohols  are  the 
derivatives  of  benzol.  The  following  alcohols  belonging  to  this 
series  have  been  described  : — 


Hydroquinone 

Resorcin 

Pyrocatechin  or  Oxyphenol 
Orcin 

Homopyrocatechin 

Betaorcin 


C,H,Ho 


2 


C„MeH3Ho, 


Melting- 

point. 

177°-5 

99°0 

86°0 


Theory  indicates  the  existence  of  four  isomeric  bodies  of  the 
j^formula  C^H^Ho^,  the  graphic  formulae  of  which  are  thus 
written ;  — 


(1) 

II— 0— C=C— 0— II 

I  I 

II— C  C— II 

II  II 

II— C— C— H 

(3) 

ir— c=c— ir 

I  I 

II— 0—0  0—0— II 

ir— 0— 0— II 


(2) 

H— 0=0— II 

!  1 

H— 0  0— II 

II  II 

II— 0—0— 0—0— II 

(1) 

11-0-0=0-11 
II— 0  0—0— II 
II— 0—0— II 


Tlie  isomerism  of  1,  3,  and  4,  and  of  2,  3,  and  4  is  caused 
(symbolically  speaking)  by  the  dilicrent  distances  from  each 
other  of  tlie  two  atoms  of  carbon  with  which  the  two  semi- 
molecules  of  hydroxyl  arc  combined ;  in  1  and  2  these  carbon 
atoms  arc  neighbours,  in  4  they  arc  separated  by  one  iuter- 


/ 
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veuiug  atom  of  carbon,  and  in  3  by  two  intervening  atoms  of 
carbon.  The  isomerism  of  Nos.  1  and  2  is  not  equally  obvious  ; 
indeed  it  has  been  overlooked  by  Kekule,  wlio  considers  that 
three  modifications  only  of  tbe  formula  C^H^Ho^  are  possible, 
unless  the  six  atoms  of  hydrogen  in  benzol  be  not  regarded  as 
of  equal  value.  An  inspection  of  the  above  graphic  formulae 
shows,  however,  that  a  fourth  modification  is  possible,  depend¬ 
ent  upon  the  mode  in  which  the  two  neighbouring  atoms  of 
hydroxylic  carbon  are  joined  together.  In  No.  1  these  atoms 
are  united  by  two  bonds,  in  No.  2  by  only  one  bond. 

It  is  at  present  impossible  to  assign  to  each  of  the  three 
known  isomers  of  CgH^IIo^  its  own  constitutional  formula. 
The  same  is  the  case  also  with  the  remaining  alcohols  of  this 
series. 


HYDROaUINONE. 


J  C„H,Ho,.  .  . 

T  ^  ^  '  '  '  *  ^ 

Preparation. — 1.  By  treating  arbutin  with  emulsin,  or  by 
boiling  it  with  dilute  sulphuric  acid : — 

+  OH,  =  C,H,Ho,  -f  C„H,,0„. 

Arbutin.  Hydroquinone.  Glucose. 


2.  By  the  action  of  sulphurous  acid  upon  a  solution  of 
quinone. 

3.  By  the  destructive  distillation  of  quiuic  acid. 

Reactions. — 1.  Passed  in  vapour  through  a  red-hot  tube,  it 

is  decomposed  into  quinone  and  hydrogen : — 

C.H.II0.  =  C.II°}  +  H.. 

Hydroquinone.  Quinone. 


2.  By  many  oxidizing  agents  it  is  transformed  into  quinone: — 

cji.iio,  -h  o  =  c„ii.,g|  +  on,. 

Hydroquinone.  Quinone. 


VlA-A 
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3.  By  the  action  of  chlorine  or  a  mixture  of  potassic  chlorate 
and  hydrochloric  acid,  it  is  converted  into  perchloro-quinone 
(chloranil) : — 

C^H.Ho,  +  3a  =  C„ag|  +  GHCl. 

Hydroquiaone.  Chloranil, 


ORCIN. 

C„MeH3Ho,. 

Melts  at  86°.  Boils  at  about  290°. 

Occurrence. — In  certain  lichens,  such  as  Lecanora  tartarea, 
Boccella  tinctoria,  and  Variolai'ia  orcina. 

Preparation. — By  the  diy  distillation  of  orsellinic  acid,  or 
hy  boiling  this  acid  with  powerful  bases  : — 

C,H,0,,  =  C3MeH3Ho3  +  CO.. 

Orsellinic  acid.  Orcin. 

Many  other  bodies  which  are  obtained  from  lichens,  such  as 
lecanoric  acid,  erytlu’in,  and  picroerythrin,  yield  orcin  nnder 
similar  treatment ;  but  .all  these  compounds  give  first  orsellinic 
acid,  which  then  bre.aks  np  into  orcin  and  carbonic  anhydride ; 
thus : — 


C.oHiA 

Lecanoric  acid. 

+ 

OH^ 

=  20,11,0... 
Orsellinic  acid. 

•• 

Erythric  acid. 

+ 

20IL 

=  C, 11,30,  + 

Erythrite. 

20,11,0,. 
Orsellinic  acid. 

Ficrocr}dhrin. 

+ 

OII^ 

=  C,H.30,  + 

Erythrite. 

CaH,0,. 
Orsellinic  acid. 

Beactions. — 1.  With  chlorine,  bromine,  iodine,  and  nitric 
acid,  orcin  gives  the  following  substitution  products : — 


Monobromorcin  . 

..  C^MclI^BrHo.. . 

jMeltinji;- 

point. 

...  135° 

Tribromorcin  . 

..  C,MeBr3lIo..  . 

...  103° 

Trichlororcin  . 

..  G,MeOl3no . 

...  159° 

Triiodorcin  . 

..  C^Meya  . 

Trinitro-orcinic  acid  . 

..  C^McCNO..),!^.  ... 

...  162° 

TRIHYDRIC  ALCOHOLS. 


t  i 


2.  By  treatment  with  ammonia  in  the  presence  of  free 
oxygen  it  yields  orcein,  the  colouring-matter  of  Archil  and 
Cudbear,  the  reaction  being  probably  the  following  ; — 

C„MeH3Ho,  +  NH3  +  03  =  C„MeH3(N''03)Ho?  +  2011,. 

Orcin.  Oroeiu. 

3.  Heated  with  an  excess  of  concentrated  sulphuric  acid  to 
a  temperature  of  from  60°  to  80°,  orcin  yields  orcin-disulphuric 
acid  (dihydric  orcinic  disulphate)  : — 


2SO3H03  -f 

Sulphuric 

acid. 


C3MeH3Ho3 

Orcin. 


_  SO„Ho 
~  SO^Ho 


(C„MeH303)"  +  2OH3. 


Dihydric  orcinic 
disulphate. 


c,  f. 


r 


CPIAPTER  XI. 

TRIRYDBIG  ALCOHOLS. 

Glycerin  or  C„Ho„_iHo3  scries. 

These  alcohols  contain  three  semimolecules  of  hydroxyl 
united  with  three  different  atoms  of  carbon ;  consequently  the 
lowest  term  of  the  series  contains  three  atoms  of  carbon. 

Only  two  of  these  alcohols  have  been  hitherto  obtained  :■ — 

II  H  H 

r  CH,,Ho  H— C— C— C— II 

Glycerin  . ^Cllilo.  |  I  | 

[ciuio  O  O  O 

I  I  I 

II  11  II 
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H 


n-c— II 


r  ciijio  II  H— c— II  II 

Ainylglycerin  ...'j  CEtllo  ?  |  |  | 


CEtllo?  I  I  I 

CII„Ho  11— C - C - C— H 


O 


O 


O 


H  H 


H 


The  constitution  of  amylglycerin  is  not  at  present  established. 
Its  formula  may  possibly  be 


The  action  of  oxidizing  agents  on  ainylglycerin  ■will  pro¬ 
bably  throw  light  upon  its  internal  structure. 


GLYCERIN. 


cn,Ho 
CIIIIo  . 
CIIJlo 


S2).  gr.  of  liqiiid  at  15°‘4  is  1’2G.  Crysiallises  at  low  fc7iipera- 
tures,  and  remains  solid  aftcrtcards  at  ordinary  temgieratvns. 
Boils  in  vacuo  at  179°'5, 

Sources. — Most  animal  and  vegetable  fats  consist  of  mixtures 
of  the  glycerin  ethereal  salts  of  the  fatty,  and  of  the  oleic,  se¬ 
ries  of  acids.  Glycerin  is  liberated  from  these  by  water  at  high 
temperatures,  or  by  bases  giving  salts  insoluble  in  water ; — 


Stearin.  Water.  Glycerin.  Stearic  acid. 


GLYCERIN. 
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Helation  of  Glycerin  to  Isojjropylic  Alcohol. 


By  the  action  of  bydriodic  acid,  glycerin  is  converted  into 
isopropylic  iodide : — 


CH.Ho 

rcii3 

CHHo 

-f  5HI  = 

\  CHI 

CH,Ho 

ICH, 

Glycerin. 

Hydriodic 

acid. 

Isopropyl] 

iodide. 

21,  +  30H,. 

Water. 


^Relation  of  Glycerin  to  Allylic  Alcohol. 

When  diphosphorous  tetriodide  is  brought  into  contact 
with  glycerin,  an  energetic  reaction  ensues,  allylic  iodide  being 
formed ; — 


I"  CH,Ho 
+  2  \  CHHo 
i  CH,Ho 

Diphosphorous  Glycerin, 

tetriodide. 


,{CH, 

CH 

CHJ 


Allylic 

iodide. 


+  2POHHO,  +  T,. 

Phosphorous 

acid. 


Relations  of  Glycerin  to  Rropylic  Glycol. 

The  several  semimolecules  of  hydroxyl  in  glycerin  are 
capable  of  being  replaced  by  chlorine,  bromine,  &c. ;  thus, 
by  the  action  of  hydrochloric  acid  on  glycerin,  one  semimole¬ 
cule  of  hydroxyl  is  displaced  by  chlorine,  monochlorhydrin 
being  formed : — 


f  CH.,Ho 

r  CH.,ci 

]  CHHo 

+  HCl  = 

\  CHHo 

+  OH,. 

[  CH,Ho 

[  CII,Ho 

Glycerin. 

Hydrochloric 

Monochlor¬ 

Water. 

acid. 

hydrin. 

Monochlorhydrin  is  identical  with  monochlorinated  propylic 
glycol : — 


r  cir,ci 

\  CHHo  = 
[  CHJIo 

Monochlorhydrin. 


/  C(CII,Cl)HHo 
1  CH,lIo 

Monoclilori  nnted 
pijopylio  glycol. 
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By  the  action  of  sodium  amalgam  and  water,  monochlorinated 
propylic  glycol  is  readily  converted  into  propylic  glycol : — 

JC(CH,Cl)HHo  ,  pr  _  /CCCIIJHHo  , 

[CH.Ho  +  -  [CH,Ho  + 

Monochlorinated  Propylic  Ilydrochloric 

propylic  glycol.  glycol.  acid. 


Helations  of  Glijcerin  to  the  Trihydric  Acids — Glyceric  Acid 
and  Tar  ironic  Acid. 


By  the  slow  action  of  nitric  acid,  glycerin  is  converted  into 
glyceric  acid : — 


rcHjio 

]  CHHo  +  0, 

[  CH,Ho 

Glycerin. 


r  CHjio 

j  CHHo  +  0H„. 

[  COHo 

Glyceric  Water, 

acid. 


A  second  semimolecule  of  oxatyl  has  not  been  produced  in 
glycerin,  so  as  to  convert  the  latter  into  a  dibasic  acid ;  but 
there  can  be  little  doubt  that  tartronic  acid,  which  is  formed 
by  the  spontaneous  decomposition  of  nitrotartaric  acid,  is  the 
acid  in  question,  and  that  it  has  the  following  constitution ; — 


f  COHo 
CHHo. 

[  COHo 

Tartronic  acid. 


Itelations  of  Glycerin  to  Acrylic  Acid. 

By  the  action  of  substances  having  an  affinity  for  water, 
such  as  phosphoric  anhydride  or  sulphuric  acid,  glycerin  is  con¬ 
verted  into  acrolein  ; — 


f  CII.JIo 
\  CHilo 
[  CH,JIo 

0  lyocrin. 


20ir,  + 


f  C3re"H 
\  COH 


^^'utc^. 


Acrolein. 


TllIHYDRIC  ALCOHOLS. 
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By  the  absorption  of  oxygen,  acrolein  is  transformed  into 
acrylic  acid : — 


rCMe-'H  ,  n  _  f  CMe'H 

ICOH  +  -  jcOHo  • 

Acroleiu.  Acrj'lio  acid. 


Both  these  reactions  are  accomplished  simultaneously  when 
glycerin  is  added  to  fused  potassic  hydrate  : — 


r  CH.Ho 

]  CHHo  +  KHo  = 
[  CH.,Ho 


f  CMe''H 
ICOKo 


+  H. 


Glycerin.  PotasBic  Potassic 

hydrate.  acrylate, 


+  20H,. 

Water. 


/■C  Cl  /L 


C.'l 

fC 


4 


CHAPTEK  XII. 

TEIRTBBIQ  ALCOHOLS. 

Pyrogallic  or  C„Il2„_aIio3  series. 

Like  the  phenyl  and  orcin  series,  these  alcohols  are  the  direct 
derivatives  of  benzol. 

The  following  bodies  are  believed  to  belong  to  this  series, 
whilst  several  other  compounds  not  yet  sufficiently  known  will 
probably  soon  be  added  to  it ; — 

Melting-point. 

Pyrogallin  . 

Phloroglucin  .  I  C^Hglloa . 

Phenomalic  acid  ?  ... ) 

o 


r  115°. 
\  220°. 
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Theory  points  to  four  isomeric  modifications  of  the  formula 


C„H3Ho3,  viz. 

H— C=C— 0-H 

I  h 

H— C  C— 0— H 

II  II 

II— C— C— 0— II 
II— C=C— 0— II 

I  I 

II— 0— C  C— H 

II  II 

H— C— C— 0— H 


II— C=C— 0— II 

I  I 

II— C  C— 0— II 

II  II 

II— 0— C— C— H 
II— 0— C=C— 0— H 

I  I 

H— C  C— II 

II  II 

II— C— C— 0— II 


It  is  at  present  impossible  to  assign  any  of  these  formulae  to 
the  above  enumerated  three  members  of  this  series  of  alcohols. 


PYROGALLIN,  Fyrogdlic  Acid. 

CJI3II03. 


Melts  at  115°.  ISullmes  loitli  partial  decomposition  at  210°. 


Freparation. — 1.  By  beating  gallic  acid  to  210°-220°  in  a 
stream  of  carbonic  anhydride ; — 


j  C,Il3ll03 
[COHo 

Gallic  acid. 


CJI3II03  +  CO, 

Pyrogallin. 


2.  By  heating  gallic  acid  with  twice  or  thrice  its  weight  of 
water  to  200°-210°  for  half  an  hour  in  a  Papin’s  digester. 
Tlie  reaction  is  the  same  as  in  No.  1. 

Itcactions. — 1.  Docs  not  neutralize  alkalies  or  form  true  salts. 
2.  Passed  over  heated  zinc,  it  is  transformed  into  benzol : — 


C^ll^llo^  4-  3Zn  =  CJI3  +  3ZnO. 

Pyrogallin.  Benzol. 


POLYHYDRIC  ALCOHOLS. 
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3.  Bromine  converts  pyrogallin  into  tribromopyrogallin ; — 
C,n3Ho3  +  SBr^  =  C3Br3Ho3  +  3HBr. 

Pyrogallin.  Tribromopyro¬ 

gallin. 

4.  Heated  to  250°,  it  yields  water  and  metagallic  acid  : — 

C3H3H03  =  C3H3OH0  -h  OH3. 

Pyrogallin.  Metagallic 

acid. 

5.  Ammonia  in  the  presence  of  air  forms  with  it  pyrogallein, 

to  which  the  formula  has  been  assigned. 

6.  Concentrated  boiling  solution  of  caustic  potash  decom¬ 
poses  it  into  acetic,  oxalic,  and  carbonic  acids. 

7.  An  alkaline  solution  of  pyrogallin  rapidly  absorbs  free 
oxygen,  forming  a  dark-coloured  body,  together  with  acetic  and 
carbonic  acids  and  a  small  quantity  of  carbonic  oxide. 


OTRJEB  POLTRTDEIC  ALCOROLS. 

ErytTirite  {^Erytliroglucin,  Erytliromannite,  Pliycite,  Pseudor- 
cin)  is  a  tetrahydric  alcohol ;  and  the  acid  corresponding  to  it  is 
tartaric  acid.  Citric  acid  may  also  be  considered  as  derived 
from  an  unknown  alcohol  of  this  series.  A  glance  at  the  for¬ 
mulae  of  these  alcohols  and  acids  will  show  their  relations : — 


fCH^Ho 
CHHo 
CHHo  • 
[  CH3H0 

£rythi-ite. 


rcoHo 
CHHo 
'  CHHo- 
^  COHo 

Tartaric  acid. 


f  CHHo(CH3Ho)  f  CHHo(COHo) 
^CHCCH^Ho)  .  -^CH(COHo) 

[  CH3(CH3Ho)  [  CH3(COHo) 

Tetrahydric  alcohol  Citric  acid, 

(unknown). 


When  reduced  by  hydriodic  acid,  erythrite  yields  butylic 
iodide : — 


fCHJIo 
CHHo 
CHHo 
,  CH3H0 
Erythrite. 


+  7HI  = 


llydrioiiic 

acid. 


40IL  + 


Water. 


rcH, 

CH 

CH3 

CH3I 

Uutylio 

iodide. 

/ 


“  + 


a  2 


31, 


I 
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Finite  and  Qiiercile  arc  believed  to  be  pentabydric  alcohols ; 
and  aposorbic  acid  is  probably  a  derivative  of  one  of  them  : — 


^CHMo 

rcoHo 

CHHo 

CHHo 

CHHo. 

CHHo. 

CHHo 

CHHo 

^CH^Ho 

,COHo 

Pentahydric 

alcohol. 

Aposorbic 

acid. 

Mannite  is  a  hexahydric  alcohol.  There  are  three  acids  cor¬ 
responding  to  this  alcohol :  these  are  saccharic  and  mucic  acids, 
wliich  are  isomeric,  and  mannitic  acid : — 


fCH^Ho 
I  CHHo 
I  CHHo 
CHHo- 
CHHo 
CH^Ho 

Mannite. 


fCOHo 
CHHo 
,  CHHo 
'^1  CHHo- 
1  CHHo 
^  COHo 

Saccharic 
or  inncic  acid. 


fCH.Ho 
I  CHHo 
J  CHHo 
^1  CHHo- 
!  CHHo 
^COHo 

Mannitic 

acid. 


Mannite  is  closely  related  to  glucose,  the  latter  containing 
two  atoms  of  hydrogen  less  than  the  former.  Grlucose  can,  in 
fact,  be  converted  into  mannite  by  the  action  of  nascent  hy¬ 


drogen  : — 


r  CH.Ho 
j  CHHo 
CHo  , 
"iCHo  + 
CHHo 
CHJIo 

Glucose. 


rCH..Ho 
CHHo 
CHHo 
\  CHHo  • 
!  CHHo 
LCH^Ho 

Mannite. 


Alcohols  of  high  hydricity  possess  a  sweet  taste,  inflict  with 
increase  of  hydricity  the  alcohols  gradually  pass  into  saccha¬ 
rine  substances  or  sugars. 


THE  ETHERS. 


85 


CPIAPTER  XIII. 

THE  ETHERS. 

These  compounds  are  the  oxides  of  the  positive  radicals. 

Each  series  of  alcohols  produces  a  series  of  ethers ;  we  have 
thus  ethers  of  the  monohydric,  dihydric,  and  trihydric  alcohols, 
of  which  the  following  are  the  general  formulae  ; — 

Methyl  Vinyl  Phenyl 

series.  series.  series. 

'  .  rc„H,„+i  rc„H2,._, 

Ethers  of  the  monohydric  alcohols  ■<  0  -{0  -{0 


Ethers  of  the  dihydric  alcohols...  C„H2„0. 


rc„H2,.  -O-IL,.  CJ 

Ethers  of  the  trihvdric  alcohols  ^  >  . 

[CJL,.  Cj 


ETHERS  OF  THE  MOHOHTBBIG  ALCOHOLS. 

These  bodies  are  derived  from  the  alcohols  by  the  substi¬ 
tution  of  the  hydroxylic  hydrogen  contained  in  the  latter  by 
a  positive  monad  radical. 


METHYL  SERIES. 


The  following  list  contains  some  of  the  ethers  of  this  series : — 


Mcthylic  ether  . 

CII3 

0 

or 

OMe^ 

BoIUn^;- 

points. 

—  21°, 

Methylicelbyliccther  \ 

or 

icH3 

1  CMeir^ 
f  CMeII,3 

or 

OMcEt 

+11°, 

Eihylic  ether . J 

0  00 

or 

or 

OEt3 

35°'6. 

Mcthylicamy  lie  ether  \ 

lO.H. 

or 

[  CMell, 
{§"•  ■ 

or 

OMoAy 

02°. 

1 

1.  CBuir^ 
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Ethylic  butylic  ether. 


E  thy  lie  amylic  ether. 


Butyic  ether 


Amylic  ether 


(§* 

or  1 

r  CMen, 
,0 

[  CPrH, 

or 

OEtBu 

Boiling 

points. 

80°?. 

lo.ii,, 

or  1 

r  CMeH, 

[  CBuH, 

or 

OEtAy 

112°. 

[C.H, 

or  J 

f  CPrH, 
®  ' 

[  CPrH, 

or 

OBu, 

104°. 

I 

or  1 

^  CBuH, 
0 

[  CBuH, 

or 

•OAy, 

176°. 

Formation. — 1.  Bj  the  action  of  sulphuric  acid  upon  the 
C„H2„+iHo  alcohols.  The  process  may  be  divided  into  the  two 
following  stages : — 


C„H,„+iHo  +  SO,Ho,  =  SO,Ho(C„H,„+iO)  +  OH,. 


Alcohol.  Sulphuric 

acid. 

Sulpho-acid. 

f  C«H2„j-i 

Water. 

SO,Ho(C,.H2„+iO)  -h  C„H2„+xHo 

=  1 

0  -h 

SO, Ho,. 

Sulpho-acid.  Alcohol. 

Ether. 

Sulphuric 

acid. 

2.  By  converting  the  C„H2„^iHo  alcohols  into  sodium  or 
potassium  compounds,  and  then  acting  upon  the  latter  with 
the  iodides  of  the  monad  positive  radicals : — 


2CJL„+iHo 

+ 

Ha,  = 

2  fliO  -\- 

H,. 

Alcohol. 

Sodic  alcohol. 

CjiHjH-i-iHao 

+ 

ChHoh-I-iI 

=  0  -h 

[  CJ  Wt 

Nal. 

Sodio  alcohol. 

Iodide. 

Ether. 

Sodic  iodide. 

Feaction. — The  ethers  can  be  reconverted  into  the  corre¬ 
sponding  alcohols  by  treating  them  with  sulphuric  acid,  and 
then  distiUiug,  with  water,  the  sulpho-acid  so  produced : — 

fCJBn+l 

]  0  -H  2SO.,no„  =  2SO.,IIo(0,.H.„+iO)  +  OH... 

Ether.  Sulphuric  acid.  Sulpho-acid.  ^\  ator. 

SO,Ho(CJL„+iO)  -f-  OH,  =  SOJIo,  -t-  C,.lL.,.+tHo. 

Sulpho-acid.  Water.  Sulphuric  acid.  Alcohol. 


METHYLIC  AND  ETHYLIC  ETHERS. 
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METHYLIC  ETHEE,  Meihylic  Oxide. 

rcH3 

-<0  or  OMoj. 

[CH3 

Molecular  weight  =46.  Molecular  volume  r~[~~|.  1  litre  of 

methylic  ether  vapour  weighs  23  criths.  Boils  at  —21°. 

Preparation. — By  heating  methylic  alcohol  with  sulphuric 
acid  or  boric  anhydride : — 


CH3H0  + 

SO3HO3  = 

S03Ho(CH30) 

+  OH3; 

Methylic 

Sulphuric 

Sulphomethylio 

Water 

alcohol. 

acid. 

acid. 

fCH3 

S03Ho(CH30) 

+  CH3H0 

=  \o  + 

SO3HO3. 

ICH3 

Sulphomethylio 

acid. 

Methylic 

alcohol. 

Methylic 

ether. 

Sulphuric 

acid. 

Beaction. — Methylic  ether  is  acted  upon  hy  chlorine  under 
the  influence  of  light,  the  hydrogen  being  displaced  atom  for 
atom  by  chlorine.  The  following  compounds  are  formed : — 


f  CHX'l 

r  cHCh 

fCCl3 

O'; 

1 0  “5 

[  CH3CI 

1 CHC13 

ICC13 

Dichlorinated  Tetrachlorinated  Perchlorinatcd 
methylic  ether.  methylic  ether.  methylic  ether. 

ETHYLIC  ETHER,  Bthylic  Oxide,  Ether,  Sulphuric  Ether. 

{ CMell^ 

K  0  or  OEt^. 

[  CMeIl3 

Molecular  weight  =74.  Molecular  volume  fTl-  1  litre  of 
ether  vapour  tveighs  ZT  criths.  Sp.  gr.  =012^.  Fuses  at 
—  31°.  Boils  at  35°  0. 

Preparation. — A  mixture  of  equal  volumes  of  sulphuric  acid 
and  alcohol  is  heated  to  a  temperature  of  from  140°  to  145°,  and 
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a  constant  stream  of  alcohol  is  allowed  to  flow  into  the  mixture. 
Ether  and  water  distil  over  together.  Two  reactions  take  place 
successively  :  in  the  first,  the  alcohol  is  converted  into  sulpho- 
vinic  acid  ;  and  in  the  second  the  sulphoviuic  acid  is  converted  by 
a  further  quantity  of  alcohol  into  sulphuric  acid  and  ether : — 

EtHo  +  SO,IIo,  =  SO.EtoHo  +  OIL 

Alcoliol.  Sulphuric  acid.  Sulijhovinic  acid.  Water. 

SO^EtoHo  +  EtHo  =  OEt^  +  SO,Ho,. 

Sulphovinic  acid.  Alcohol.  Ether.  Sulphuric  acid. 

In  this  manner  the  same  quantity  of  sulphuric  acid  can 
convert  an  unlimited  quantity  of  alcohol  into  ether. 

The  formation  of  ether  is  not  due  to  the  simple  removal  of 
water  from  two  molecules  of  alcohol  by  sulphuric  acid.  This 
is  proved,  first,  by  the  sulphuric  acid  not  becoming  more 
dilute,  and,  secondly,  by  the  fact  that,  if  sulphamylic  acid  be 
acted  upon  by  ethylic  alcohol,  the  mixed  etbylic  amylic  ether  is 
formed : — 

SO^AyoIIo  +  EtHo  =  SO,Ho,  +  OAyEt. 

Sulphamylic  acid.  Ethylic  Sulphuric  Ethylic  amylic 

alcohol.  acid.  ether. 

Eeactions, — 1.  Ethylic  ether,  when  mixed  with  an  equal 
volume  of  sulphuric  acid,  produces  sulphoviuic  acid; — 

OEt,  +  2SO,Ho,  =  2SO,EtoHo  +  OH,. 

Ethylic  ether.  Sulijhurio  acid.  Sulphoyiuic  acid.  W'ater. 

2.  Hot  nitric  acid  converts  ethylic  ether  into  carbonic,  acetic, 
and  oxalic  acids. 

3.  Exposed  to  the  air,  it  gradually  absorbs  oxygen  and  is 
transformed  into  acetic  acid : — 


rcii, 


<0  +  0,  = 

1  CH. 

o  f  CH, 

“  1  COHo  + 

OIL. 

1  cii; 

Ethylic  ether. 

Acetic  acid. 

Water. 

ETHERS  01'  THE  VINYL  AND  PHENYL  SERIES, 
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ETHYLIC  SULPHIDE,  Sulphur  Ether. 

{ CMeH, 

J  S  or  SEfcj. 

[  CMeH, 

Molecular  weight  =90.  Molecular  volume  |  |  !■  1  litre  of 

ethylic  sulphide  vapour  tueiyhs  45  criths.  Boils  at  73°. 
Breparation. — By  adding  etliylic  chloride  to  potassic  sul¬ 
phide,  and  distilling : — 

rCiUeH, 

2CMeH„Cl  +  SK,  =  -^  S  +  2KC1, 

[  CMeH, 

Ethylic  chloride.  Potassio  Ethylic  sulphide.  Potassic 

sulphide.  chloride. 


Beactions. — 1.  Ethylic  sulphide  combines  directly  with 
ethylic  iodide,  forming  ^ 

Sulphurous  triethylo-iodide  .  SEtjI,  — .  >  - 

By  the  action  of  argentic  oxide  on  this  iodide,  the  corre¬ 
sponding  hydrate  may  be  formed  : — 

SEt^I  +  AgHo  =  SEt^Ho  +  Agl. 

Sulphurous  Argentic  Sulphurous  Argentic 

triethylo-  hydrate.  tricthylo-  iodide, 

iodide.  ,  hydrate. 

2.  By  cold  nitric  acid  is  converted  into  sulphurous  dieth- 
oxide  (SOEtJ,  which  by  more  powerful  oxidizing  agents  is 
transformed  into  diethylsulphon  (sulphuric  diethoxide),  SO^Et^, 
which  melts  at  70°  and  boils  at  248°. 


ETHEBS  OF  THE  VINYL  AND  FIIENYL  SERIES. 

Of  the  ethers  of  the  vinyl  scries,  allylie  ether, 
alone  is  known.  It  boils  at  82°. 


C3H, 

O 

Call, 


9 


iCJ-E 


In  the  phenyl  series,  phenylic  ether,  O  ,  and  beuzylic 


C.H, 

ether,  -I  O  ,  have  been  obtained. 


C,H. 
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Bj  digesting  benzylic  chloride  with  potassic  phenylate,  a 
mixed  ether,  phenyl-benzyl  ether,  is  formed ; — 


CH^Cl 

+  CJI.Ko 

=  KCl 

Bonzylic 

PotaBsio 

Potassio 

chloride. 

phenylate. 

chloride. 

rc„H 
CH. 
1  O 


5 


ICJI, 

Phenyl-benzyl 

ether. 


ETHERS  OF  THE  EIHYERIQ  ALCOHOLS. 

Of  these  the  three  following  are  known,  but  the  first  only 
has  been  carefully  studied  : — 

Boiling-points. 


Ethylenic  oxide,  C^H^O .  13°'5. 

Propylenic  oxide,  CgH^O .  35°'0. 

Amylenic  oxide,  CjHjjO .  95°'0. 


ETHYLENIC  OXIDE,  Ethylenic  Ether. 

C.H.0  =  {g|0. 

Molecular  weight  =44.  Molecular  volume  I  I  I.  1  litre  of 
ethylenic  oxide  vapour  tveighs  22  criths.  Roils  at  13°’5. 
Rreparation. — Ethylenic  oxide  is  obtained  from  glycol  by 
converting  the  latter,  first  into  ethylenic  chlorhydrate,  or 
chlorhydric  glycol,  by  the  action  of  hydrochloric  acid,  and 
subsequently  treating  the  compound  thus  formed  Avith  potassic 
hydrate : — 


(  Cll.llo 
t'ClI.Ho 

+ 

IICl  = 

1  CH,>Ho 

1  ch;ci 

+ 

OIL; 

Glycol. 

ITydrochlo- 
rio  acid. 

Ethylenic 

chlorhydrate. 

AVatcr. 

J  CH.,Ho 

\  ch;ci 

+ 

KHo  = 

1  oii.y 

+ 

on,  -f 

KCl. 

Ethylenic 

chlorhydrate. 

Potassic 

hydrate. 

Ethylenic 

oxide. 

W'ater. 

Potassio 

chloride. 

ETHERS  OF  THE  DIHYDRIC  ALCOHOLS. 
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Isomers. — Ethylenic  oxide  is  isomeric  with  vinylic  alcohol 
and  acetic  aldehyde.  The  nature  of  this  isomerism  is  seen  in 
the  following  formulae : — 


rcH, 

jcH 


^0. 


Ethylenic 

oxide. 


H 

H-t: 

o 

K—C-y 

H 


JCH. 

\COH- 

Acetic  aldehyde. 


H 

'JCH, 

1 

H-C. 

1  CHHo- 

H— cJ 

Vinylic 

alcohol. 

1 

0 

1 

1 

H 

H 

1 

c— H 

1 

o- 

II 

o 

Reactions. — 1.  Ethylenic  oxide  unites  with  nascent  hydrogen, 
forming  alcohol : — 


t  CH,  + 

Ethylenic 

oxide. 


J  CH,, 

1  CH.Ho- 

Alcohol. 


2.  It  also  unites  with  oxygen,  forming  gly collie  acid  : — 


+  o. 

Ethylenic 

oxide. 


{ 


CHJIo 
COHo  • 


Glycollic 

acid. 


3.  It  is  a  basic  substance,  and  unites  directly  with  acids : — 


{enf  +  “Cl 

Ethylenic  Hydro- 

oiide,  chloric 

acid. 


/  CH^Cl 
\  CH^Ho- 

Ethylenic 
chlorhydrate 
or  clilorhydric 
glycol. 


4.  Ethylenic  oxide  precipitates  as  hydrates  many  metals  from 
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solutions  of  their  salts,  such  as  the  ferric,  aluminic,  cupric,  and 
magnesic  hydrates  : — 

2  { +  MgCI,  +  20H,  =  2  {  +  MgHo.. 

Ethylenic  Mngneaic  Water.  Ethylenic  ^fagnesio 

Glide.  cliloride.  chiornydrate.  hydrate. 


5,  It  also  combines  directly  with  water,  reproducing  gl}'- 
col : — 


{g«-0  +  OH, 

Ethylenio  Water, 

oxide. 


f  CH.Ho 
t  CH,Ho- 

Glycol. 


These  reactions  exhibit  a  wide  difference  between  the  beha¬ 
viour  of  ethylenic  ether  and  that  of  ethylic  ether.  This  dif¬ 
ference  arises  from  the  fact,  that  in  ethylic  ether  the  ethyl 
semimolecules  are  held  together  by  the  oxygen  only,  whereas  in 
ethylenic  ether  the  linking  of  the  two  groups  of  CH,  does  not 
depend  on  the  oxygen  atom  alone,  as  will  be  seen  from  the 
following  formulae : — 


Ethylic  ether 


Ethylenic  ether 


H  H 


H  H 


CM. 


H— C— C— 0— C— C— H  =  i  O 


II  II  H  H 
11  II 

I  i  f 

II-C— C— II  = 

I  )  ’■ 


CH 

CH 


^0. 


On  account  of  this  peculiarity  of  constitution,  ethylenic  oxide 
can  combine  directly  with  many  substances  without  the  dis¬ 
ruption  of  its  molecule, — a  property  which  obviously  cannot 
be  possessed  by  ethylic  ether. 


ETUEBS  OF  THE  TBIRYBBIG  ALCOHOLS. 

Of  these  only  one  is  knowm,  viz. : — 


ETHERS  OF  THE  TRIHYDRIC  ALCOHOLS, 
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GLTCYLIC  ETHEE,  Olycylic  Oxide. 
H  H 


I  I 

H— C— 0— C— H 

I  1 

H— C— 0— C— H 

I  I 

H— C— 0— C— II 


CH,-0-H,CI 
CH  -0-HC  1. 
CH,-0-H,C  J 


H 


H 


Freparation. — By  tlie  action  of  potassic  hydrate  on  so-called 
iodhydrin; — 


CH. 


CH 

CH, 

CHI 


0 


+  Kilo  =  KI  -1-  OH,  -1- 


l^CH,Ho 

Iodhydrin.  Potassic  Potassic  Water, 
hydrate.  iodide. 


f  CH,-0-H,C  1 

^  CH  -0-H  C  I . 
iCH,-0-H,cJ 


Glycylic  ether. 


CHAPTER  XIV. 

THE  HALOID  ETHERS, 

Each  series  of  positive  radicals  forms  its  own  series  of  haloid 
etliers. 

These  ethers  are  produced  by  the  substitution  of  hydroxyl  in 
the  alcohols  by  chlorine,  bromine,  iodine,  fluorine,  or  cyanogen. 


Haloid  Fillers  of  the  Monad  Fositive  Radicals. 

As  these  radicals  can  only  unite  with  one  semimolcculo  of 
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hydroxyl,  they  can  only  form  one  haloid  ether.  Each  series  of 
radicals  therefore  forms  one  series  of  haloid  ethers  : — 

I.  Haloid  ethers  of  the  form  C„H2„+iCl. 


II.  „ 
III.  „ 

55  55  55 

55  55  55 

C„H2,._iC1. 

C„H2„_7C1. 

The  following  will 

serve  as  examples 

of  the  three  series  : 

Propylic  iodide... 

C3HJ 

H  H  H 

1  1  I 

or 

H— C— C— C— I 

C(C3H,)HJ. 

1  1  1 

H  H  H 

Ally  lie  iodide  . . . 

C3H3I 

H 

1 

or 

I_C— c=c— H 

C(C3H3)HJ. 

(  1  1 

H  H  H 

H-C=C— H 

1  I 

Phcnylic  iodide... 

1  1 

II_g  c~I 

II  II 

H— C— C— H 

Haloid  Ethers  of  the  Byad  Positive  Radicals. 

As  the  dihydric  alcohols  contain  two  semimolecnles  of  hy¬ 
droxyl,  it  follows  that  there  are  two  classes  of  haloid  ethers 
derivable  from  them.  The  first  is  formed  hy  the  substitution 
of  one  of  the  semimolecnles  of  hydroxyl  by  chlorine,  bromine, 
&c.,  and  the  second  by  the  like  displacement  of  both  scini- 
molcculcs  of  hydroxyl : — 

I.  Haloid  ethers  of  the  form  C„IHhHoC1. 

IT  O  IT  n 

57  55  55  •‘a* 

The  following  examples  will  suffice  to  illustrate  the  consti¬ 
tution  of  both  these  classes  of  haloid  ethers ; — 
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Chlorhydric  glycol  or  ethy- 
lenic  chlorhydrate . 


Ethylenic  di  chloride 


H  H 

C^HJIoCl 

1  1 

2  4 

H— C— C— II 

or 

•'  1  1 

fCH^Ho 

1  1 

0  Cl 

ICH^Cl  • 

1 

H 

C2HP2 

H  H 

1  1 

or 

1  1 

H— C— C— H 

1  1 

fCH^Cl 

ICH^cr 

Cl  Cl 

Saloid  Ethers  of  the  Triad  Positive  Padicals. 


Three  classes  of  haloid  ethers  are  derived  from  the  trihydric 
alcohols  by  the  successive  substitution  of  the  three  semi¬ 
molecules  of  hydroxyl  contained  in  these  alcohols  by  chlorine, 
bromine,  &c.  A  fourth  class  also  exists,  which  stands  inter¬ 
mediate  between  the  ethers  and  the  haloid  ethers,  and  which 
is  formed  by  the  substitution  of  one  of  the  semimolecules  of 
hydroxyl  in  the  alcohol  by  a  monad  negative  radical,  such  as 
chlorine,  bromine,  or  cyanogen,  and  the  remaining  two  semi¬ 
molecules  of  hydroxyl  by  a  dyad  oxygen : — 


I. 

II. 

III. 

IV. 


Haloid  ethers  of  the  form  C„H2„_iHo2Cl. 

„  ,,  „  C„H2„_iIIoCl2. 

J)  )»  ))  CnHojj.iClg. 

„  „  „  0„H2„_i0C1. 


The  following  are  examples  of  each  of  these  classes  : — 


r  CII.^IIo 

Chlorhydrin.  K  CllCl 

^  iCiyio 

•  -J.  ^ 


-0^ 


II  II  II 


I  I  I 

H-C— C— C— II 


I  I  I 

O  Cl  0 


I  t 


H  II 
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II  II  H 

I  I  I 

ii_c— c— c— ir 

I  I  I 

Cl  0  Cl 

I 

II 

H  H  H 

I  I  I 

H— C— C— C— II 

I  I  I 

Cl  Cl  Cl 

II  II  H 

II— c— c — c-n 

I  i  I 

Cl 

HALOID  DTIIEBS  OF  TEE  MOEAD  POSITIVE 

RADICALS. 

Preparation. — These  ethers  arc  produced  by  the  follo^Yiug 
general  reactions  : — 

1.  By  the  action  of  the  liydracids  upon  the  alcohols  : — • 
CJl5„+iHo  +  HCl  =  C„IIs„+,Cl  +  OH,. 

Alcohol.  Hydrochloric  Haloid  ether.  Water, 

acid. 

2.  By  the  action  of  phosphorous  chloride  on  tlic  alcohols: — 
3C„Ho,.+iIIo  +  PCI,  =  3C„IIo,.+iCl  +  POHHo,. 

Alcoliol.  Phosphorous  Haloid  ether.  Phosphorous 

chloride.  acid. 

3.  By  the  action  of  chlorine  on  the  hydrides  of  the  radi¬ 
cals  : — 

C„H,„+jr  +  Cl,  =.  CJL„+iCl  -f  IICl. 

Hydride.  Haloid  ether.  Hydrochloric 

acid. 


r  cicci 

Dichlorliydrin  CIIIIo. 

I  CH.Cl 


r  ciT.,ci 

Trichlorhydrin  ...  s  CIICl  , 
i  CICCl 


Hydrochloric  r  CH,C1 
glycide  or  epi.  j  CH  q 
chlorhydrin  ...  I  CH, 
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It  is  obvious  that  in  these  reactions  bromine  and  iodine  may 
be  used  instead  of  chlorine. 

These  reactions  apply  equally  to  the  and 

series. 

Por  the  preparation  of  the  nitriles,  which  are  isomeric  with 
the  cyanides  of  the  radicals,  two  special  reactions  (Nos.  1  and  2) 
are  employed. 

1.  The  distillation  in  tlie  dry  state  of  a  mixture  of  the  po- 
tassic  sulphate  of  the  radical  with  potassic  cyanide  : — 

SO,Ko(C„H2„+iO)  +  KCy  =  SO,Ko,  +  n  . , 

Potassic  sulphate  of  the  Potaasie  Potassic  Abnormal  cyanide  / 

radical.  cyanide.  sulphate.  or  nitrile.  (j  ^  , 

? 

2.  The  fatty  acids  are  converted  into  ammonium  salts  and 
distilled  with  phosphoric  anhydride,  when  the  abnormal  cyanides 
of  the  positive  I’adicals  which  they  contain,  or  nitriles,  are  pro- 
dneed : — 


J  C„H2„4.i 
i  C0(N'H,0) 

Ammonium 

salt. 


+  2P,0,  =  +  4PO,Ho. 

Phosphoric  Abnormal  ejanide  Metaphosphoric 
anhydride.  or  nitrile.  acid. 


3.  By  the  action  of  chloroform  on  an  amine  in  the  presence 
of  an  alcoholic  solution  of  potassic  hydrate,  a  normal  cyanide  is 
produced.  These  cyanides  are  isomeric  with  those  obtained 
by  the  two  previous  processes,  and  appear  to  contain  nitrogen 
in  the  pentad  condition : — 

{^fl^  +  CHCI3  =  8HC1  + 

Amine.  Chloroform.  Hydrochloric  Cyanide. 

acid.  I 

Reactions. — 1.  Treated  with  alcoholic  solution  of  potash, 
most  of  the  haloid  ethers  of  the  C„Il2„+i  series,  except  the  cya¬ 
nides,  are  reconverted  into  alcohols  : — 

C„H2„+iC1  -h  KHo  =  CJIo„+,Ho  -f-  KCl. 

Haloid  ether.  Potassic  Alcohol.  Potassic 

liydrate.  chloride. 


2.  The  nitriles,  or  abnormal  cyanides,  under  similar  circvim 
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stances  arc  converted  into  potassic  salts  of  the  acids  which 
contain  the  positive  radical  of  the  cyanide  : — 

+  OH.  =  {g-HgJ.  +  NH, 

Abnormal  Potassic  Water.  Potassic  Ammonia- 

cyanide.  hydrate.  salt. 


3.  The  nitriles  or  abnormal  cyanides  when  submitted  to  the 
action  of  acids  yield  an  ammonic  salt  and  a  fatty  acid  : — 

{0*;‘+‘  4  HCl  +  20H,  =  NH.Ol  +  {g-ofj'- 

Nitrile.  Hydrochloric  Water.  Ammonic  Fatty  acid, 

acid.  chloride. 

4.  The  normal  cyanides  when  acted  on  by  acids  behave  like 
hydrocyanic  acid  (see  p.  28),  producing  formic  acid  and  the 
hydrochlorate  of  an  amine  : — 

{no""'  +  +  -OH«  =  {cOHo  + 

Cyanide.  Hydrochloric  Water.  Formic  Hydrochlorate 

acid.  acid.  of  amine. 

This  reaction  appears  to  take  place  in  three  stages ;  and  in 
the  case  of  phenylic  cyanide  the  intermediate  compounds  have 
been  obtained : — 

2(^ft  +  20H.  =  +  N.(CH)'"(C.H.).H. 

Plienylic  Water  Formic  Formyl-diphenyl-diomine. 

cyaiude.  acid. 

N.(CH)-(C.n,).H  +  OH.  =  {S-5oh)H  +  { Ss;- 

Forinyl-diphenyl-diamLne.  Water.  Phenyl  formamide.  Phenylamine. 

lN(COH)H  +  -  {nH,  +  jcOHo- 

Phenyl  formamide.  Water.  Phcnj-lamii^e.  Formic  acid. 

5.  AVhen  the  iodides  are  digested  with  zinc  or  magnesium, 
tlic  radicals  are  either  liberated  or  uuito  with  the  metal : — 

+  2Zn  Zn(C„lh,„+0.  +  ZnT,, 

lotlide.  Orpmo-zinc  Zincio 

compound.  iodide. 
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or 

2C„H2„+J  +  Zn  =  {cIhII+I  + 

Iodide.  Free  Zincio 

radical.  iodide. 

6.  When  the  iodides  are  submitted  to  the  action  of  sodic 
ethylate,  a  mixed  ether  (or  a  simple  ether  if  «=2)  is  formed : — 

C,,H,Nao  +  C,.H2„+iI  =  i  O  +  Nal. 

i  C.H, 

Sodic  Iodide.  Ether, 

ethylate. 

7.  The  haloid  ethers  of  the  mouad  positive  radicals  ai’e  the 
representatives  of  the  hydracids  of  mineral  chemistry,  and 
unite  directly  with  ammonia,  producing  salts  w  hich,  when  treated 
with  potassic  hydrate,  yield  compound  ammonias  containing  the 
basylous  radical  of  the  haloid  ether  in  the  place  of  one  atom  of 
hydrogen : 

NH3  +  EtI  =  NH^Etl. 

Ammonia.  Ethylic  Ethylammonic 

iodide.  iodide. 

NH3EtI  +  KHo  =  NEtH,,  +  IQ  +  OH^. 

Ethylammonic  Potassic  Ethylamine.  Potassic  Water, 

iodide.  hydrate.  iodide. 

METHYLIC  CHLORIDE. 

CH3CI  or  MeCl. 

Molecular  iveight  =50'5.  Molecular  volume  \  n.  1  litre  of 
methylic  chloride  valour  weighs  25'25  eriths.  JBoils  at 
—21°. 

Preparation. — By  heating  together  sodic  chloride,  methylic 
alcohol,  and  sulphuric  acid  : — 

SO.Ho^  +  Mello  =  SO^MeoIIo  +  011^. 

Siilijhuric  Methylic  Suliihomethylic  'Water, 

acid.  alcohol .  acid. 

SO^MeoIIo  +  NaCl  =  MeCl  +  SOJIoNao. 

Sulphoniethylic  Sodic  Methylic  llydric  sodic 

acid.  chloride.  chloride.  Hiilphate. 
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Reaction. — 'Hy  the  action  of  chlorine,  mcthylic  chloride  prO' 
duces  three  substitution  derivatives  : — 


Monochloriuated 

methylic 

chloride,  CH.,C1,. 

Boiling- 

point. 

31° 

Dichlorinated 

>> 

„  CHCI3. 

60°-8 

Trichlorinated 

5J 

„  CCl, 

78° 

Cliloroforin,  acted  on  by  powdered  zinc  and  a  solution  of 
ammonia,  produces  mct]i3denic  dicldoride,  boiling  between 
40°  and  42°.  It  seems  to  differ  from  monochloriuated  methylic 
chloride,  which  is  said  to  boil  at  31°. 


CHLOEOFORM,  Dicltlorinated  Iletliylic  Chloride. 

CHCI3. 

Molecular  weight  =119’5.  Molecular  volume  |  1  |.  1  litre  of 

chloroform  vapour  iveighs  59'75  criths.  Sp.gr.  1'48.  Boils 
at  G0°-8. 

Preparation. — This  compound  is  manufactured  in  large 
quantities  by  heating  alcohol  with  a  solution  of  calcic  chloro- 
hypochlorite  {chloride  of  lime).  It  may  also  be  made  by  treat¬ 
ing  methylic  alcohol  in  the  same  manner.  For  the  reaction 
see  p.  57. 

Reactions. — 1.  Chloroform  is  transformed  into  potassic  for¬ 
mate  by  boiling  with  alcoholic  potash  : — 

CHCI3  -f  4KIIo  =  CHOKo  -1-  3KC1  +  20IT,. 

Chloroform.  Potassio  Potassic  Potassic  Water. 

Ijydrate.  formate.  chloride. 

2.  When  acted  upon  by  chlorine  in  the  presence  of  sunlight, 
the  hydrogen  of  chloroform  is  displaced  by  chlorine,  and  carbonic 
tetrachloride  (CCl,)  formed. 


ETHYLIC  IODIDE. 
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ETHYLIC  CHLORIDE. 

C,H,C1  or  EtCl. 

Molecular  xceiglit  =64'5.  Molecular  volume  n~|-  1 

cthjlic  chloride  vagour  weighs  32'25  criths.  8p.  gr.  0'874. 
Boils  at  11°'5. 

Preparation. — Etliylic  alcohol  is  saturated  with  hydrochloric 
acid,  and  digested  in  sealed  tubes  at  100°  for  one  or  two  hours, 
when  the  mixture  separates  into  two  layers,  the  upper  one 
being  the  ethylic  chloride : — 

EtHo  +  HCl  =  EtCl  +  OH,. 

Alcohol.  Hydrochloric  Ethylic  Water, 

acid.  chloride. 


ETHYLIC  IODIDE. 

or  EtI. 

Molecular  weight  =156.  Molecular  volume  |  |  1.  1  litre  of 

ethglie  iodide  vapour  iceighs  78  criths.  Spfgr.  1‘9464. 
Boils  at  72°'2.  < 

Preparation.  — By  placing  in  a  retort  two  parts  by  weight  of 
alcohol  and  one  of  amorphous  phosphorus,  and  then  introduciug 
five  parts  of  iodine  and  distilling  in  a  water-bath  : — 

3C,H,Ho  +  P  -f-  I3  =  SCJIJ  -f  POHHo,. 

Alcohol.  Ethylic  Phoapliorous 

iodide.  acid. 

Beaction. — Ethylic  iodide,  when  heated  with  water  in  a 
sealed  tube,  produces  ether  and  hydriodic  acid  : — 


[  c„ii, 

2CIIJ 

A  0 

+ 

0 

II 

O' 

+  2III. 

Etliylic 

Water. 

Ether. 

Hydriodic 

iodide. 

aiid. 
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The  methylic  and  amylic  iodides  are  similar  liquids,  and  ob¬ 
tained  by  analogous  processes  ;  the  methylic  iodide,  CII3I,  has 
the  sp.  gr.  2'237,  and  boils  at  42°  C.  Amylic  iodide,  CjIIjjI,  has 
the  sp.  gr.  1‘511,  and  boils  at  146°. 

The  haloid  compounds  of  the  allylic  and  phenylic  series  are 
of  comparatively  little  importance. 


HALOID  ETHEBS  OF  THE  DYAD  POSITIVE 
RADICALS. 

I.  Haloid  ethers  of  the  form  C„Il2„IIoCl. 

Preparation. — These  ethers  are  prepared  by  the  action  of  the 
hydraeids  on  the  glycols.  The  following  will  serve  as  examples 
of  this  class 

Ethylenic  chlorhydrate  or  chlorhydrie  glycol  j 

Ethylenic  iodhydrate  or  iodhydric  glycol  ...  | 

Treated  with  potassic  hydrate,  both  these  bodies  give  ethy¬ 
lenic  oxide,  as  previously  described  (p.  90). 


II.  Haloid  ethers  of  the  form  C„ir.„Cl.,. 


Preparation. — These  ethers  are  generally  formed  by  the 
direct  union  of  the  dyad  radicals  with,  the  negative  elements. 

The  following  list  comprises  the  chief  members  of  this 
class : — 


Ethylenic  chloride 
„  bromide 


CJI.CI  .  85° 

CJI^Br,  .  129° 
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Ethylenic  iodide  . 

. 

Boiling-point. 

Propylenic  chloride . 

...  C3H,C]2  .. 

0 

CO 

0 

I— 1 

„  bromide . 

....  C^II^Br^  .., 

....  144° 

„  iodide . 

...  C3H3I2 . 

Butylenic  chloride  . 

...  Cflfk  •• 

....  127° 

„  bromide  . 

...  CJI^Br^  .. 

....  160° 

Amylenic  chloride  . 

...  .. 

„  bromide  . 

...  CJI^^Br^.. 

....  175° 

By  the  action  of  potassium,  sodium,  or  zinc,  the  radicals  are 
again  liberated,  except  in  the  ease  of  the  methylene  compounds. 
The  bromides  are  the  most  important  members  of  the  series. 

CV'  ■  fi 

ETHYLENIC  BROMIDE.  _  Q^i4^ 

or  {  cSJb"  "r  Ef'Br,. 

Molecular  weight  =188.  Molecular  volume  I  I  1.  1  litre  of 

etliylenic  hromide  vapour  iveiglis  94  critlis.  Sp.  gr.  2‘16. 
Fuses  at  —18°.  Boils  at  129°. 

Preparation. — By  agitating  bromine  and  water  with  ethy¬ 
lene. 

Reactions. — 1.  Boiled  with  alcoholic  potash  it  yields  brom- 
ethylene  or  vinylic  bromide  : — 

C2H^Br2  +  KHo  =  C^HjBr  -|-  KBr  +  OITj. 

Ethylenic  Potassio  Vinylic  bromide  Potassie  Water, 

bromide.  hydrate.  or  bromethylene.  bromide. 

2.  Heated  with  an  alcoholic  solution  of  potassie  acetate,  it 
yields  monacetic  glycol. 

JCII^Br  ,  r>TT  J  CH^-O-CMeO 

jciBBr  +  2CMcOKo  +  OII^  =  |  CHjlo 

Ethylenic  Potassie  Water.  Monacetic  glycol, 

bromide.  acetate. 

>  +  CMeOIIo  +  2KBr. 

Acetic  Potassie 

acid  bromide. 
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ETHYLENIC  CYANIDE,  HthjUnlc  Nitrile. 


f  CH,Cy 

1  CH:Cy 


C.H,Cy,. 


Fuses  at  37°. 


Preparation. — By  lieatiug  ethylenic  bromide 
cyanide  to  100°  for  sixteen  hours  : — 


r  CH, Br 

t  CH^Br 

Ethylenic 

bromide. 


+  2CN"'K  = 

Potas.^ic 

cyanide. 


f  CIB(CN"') 
t  OIl“(CN"') 

Ethylenic 

nitrile. 


with  potassic 


+  2KBr. 


Potassic 

bromide. 


Peaction. — When  boiled  with  alcoholic  potash,  ethylenic 
nitrile  or  abnormal  cyanide  yields  potassic  succinate  : — 


rCH,(CN''') 
i  CH,(CN"') 

Ethylenic 

nitrile. 


+  2KHo  +  20IB  = 

Potassic  Water, 
hydrate. 


CH/COKo) 

CIUCOKo) 

Potassic 

succinate. 


+  2Nir3. 

Ammonia. 


HALOID  FTIIFPS  OP  THE  TPIAD  POSITIVE 

PADICALS. 

I.  of  the  form  C„Ho„_iIIo2Cl. 

Boiling- 


Chlorhydriu  . . .  <^  CH^f  ^ .  227°.^fNr/i 

t  ClUIo  ^  . 

[  CUJio  fU 

Bromhydrin  CH]^  .i4iC! .  ..  VNP  in  vacuo. 

[  ClUio 

II.  of  tho  form  C„IL„_iIIoCl. 

f  cn.,ci 

Bichlorhydrin ...  s  CJlilo  .  180°. 

I  ClBCl 
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III.  of  the  form  C„Ho„_iCl3. 

BoilinR- 

point. 

{ CH^Cl 

Trichlorbydrin..^  CHCl  .  155° 

1  CH,C1 

lY.  Of  the  form  C,.H2„_iOCl. 

Hydrochloric  f  CH.,^ 

glycide  or  epi-  j  CH  .  118°. 

chlorhydi’in ...  [  CH^Cl 

Preparation. — The  ethers  of  the  first  three  forms  are  obtained 
by  the  action  of  the  hydracids  upon  glycerin ;  wliilst  those  of  the 
fourth  are  produced  by  the  action  of  alkalies  upon  the  second 
form  of  compounds. 


CHAPTER  XV. 

THE  ALDEHYDES. 

These  compounds  are  intermediate  between  the  alcohols  and 
the  acids.  They  are  formed  from  alcohols  by  the  abstraction  of 
hydrogen  ;  hence  the  name,  which  is  an  abbreviation  of  alcohol 
dehijdrogenatum. 

Three  series  of  aldehydes  are  known,  corresponding  to  the 
three  series  of  monacid  alcohols,  viz. : — 

A.  Aldehydes  derived  from  C„IL„+iHo  alcohols. 

R-  jj  >,  j)  CjiH^ji—iHo  ,, 

C.  ,,  „  ,,  C„H2,i_yHo  ,, 

Preparation. — 1.  The  aldehydes  are  formed  by  tb.e  o.xidation 
of  the  alcohols ;  etbylic  alcohol,  for  instance,  yields  acetic  alde¬ 
hyde  : — 
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{clyro  +  o  =  {coH  +  OK- 

Ethylic  Api'tio  Water, 

alcohol.  aldehyde*. 


2.  Alcleliydes  ai’e  also  formed  by  distilling  a  mixture  of  mole¬ 
cular  quantities  of  the  potassic  salt  of  a  fatty  acid  and  ofpotassic 
formate  : — 


/CH, 

1  COKo 

Potassic 

acetate. 


+ 


{cOKo  “  {cok  +  COKo,. 

Potassic  Acetic  Potassic 

formate.  aldehyde.  carbonate. 


This  is  an  important  reaction,  as  by  its  means  tbe  series 


of  fatty  acids  can  be  ascended ;  for  the  aldehyde  may  next 
be  transformed  into  an  alcoliol  by  nascent  hydrogen  then  the 
alcohol  converted  into  an  abnormal  cyanide  or  nitrile,  which 
by  treatment  with  potassic  hydrate  gives  the  potassic  salt  of 
the  next  higher  acid.  Thus  : — 


/  CH3 
t  COH 

Acetic 

aldehyde. 


+ 


CH3 

CH.,Ho 


Ethylic 

alcohol. 


CIT3 

CH,IIo 

Ethylic 

alcohol. 


SO,Ho,  =  SO.,HoEto  +  OIK; 


Sulphuric 

acid. 


Sulphovinic 

acid. 


Water. 


SO.HoEto  +  CN"'K 


SO,KoHo  + 


J  CMelL 
[CX'" 


1 


Sulphovinic 

acid. 


Potasaic 

cyanide. 


Hydric  potassic 
sulphate. 


Ethylic 

nitrile. 


CMeH.  , 

ON'"  ' 


KHo  +  OH., 


CMelK  , 
COKo"  + 


NH3. 


Ethj^lic 

nitrile. 


Potassic  Water.  Potassic  Ammonia, 

hydrate.  propionate. 


starting  again  witli  potassic  propionate,  instead  of  potassic 
acetate,  the  same  series  of  reactions  can  be  performed,  resulting 
in  potassic  butyrate,  and  so  on. 


ir  o 

I  II 

*11— C— c 


ir  II 
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JReacfions. — 1.  By  direct  absorption  of  oxygen,  the  aldehydes 
are  transformed  into  the  corresponding  acids : — 

f  _i_  n  /  C!„TI 211+1 

icOH  +  ^  -  jcOHo  • 

Aldehyde.  Acid. 


2.  Also  heated  with  ammoniacal  solution  of  argentic  oxide, 
the  aldehydes  are  converted  into  acids,  metallic  silver  being 
deposited : — 

{t’oT'  '+  =  {co”h^‘  +  Ag.. 

Aldehyde.  Argentic  oxide.  Acid. 


3.  When  heated  with  potassic  hydrate,  the  aldehydes  yield 
the  potassic  salts  of  the  corresponding  acids,  with  evolution  of 
hydrogen:  — 


f  C„H2„4.i  ,  -I7-rT„ 

\ COH  + 

Aldehyde.  Pot-assic 

hydrate. 


COKo 


Potaasie 

aalt. 


+ 


4.  Treated  witii  nascent  hydrogen,  they  are  converted  into 
the  corresponding  alcohols : — 

J  C!„H2„+i  _i_  Tr  _  J 

[COH  +  -  IcH.Ho' 

Aldehyde.  Alcohol. 


5.  Most  aldehydes  combine  directly  with  ammonia,  forming 
crystalline  compounds  : — • 

J  C„H2„+i  .  .jyrpr  _  J  C„H2„+i 

[COH  +  -  |cO(NHJ' 

Aldehyde.  Ammonia.  Ammonuim 

compound. 

6.  Aldehydes  also  combine  with  the  alkaline  hydric  sulphites, 
producing  crystalline  compounds : — 

(coir'  +  SOKoHo  =  SOKoHo,  {coh+‘- 

Aldehyde.  Hydric  potaasie 

sulphite. 
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A.  ALDEHYDES  DERIVED  FR031  THE  C„H,,.+iHo 
SERIES  OF  ALCOHOLS. 

The  following  are  known 


Formic  aldehyde 


Valeric  aldehyde 


Fu3ing- 

point. 

Boiling- 

point. 

"ICOH  . 

/cir 

21°. 

■ \COH  . 

rcMeir,,  i 

•■icon  ■  1 

^C(CH3)H, 

L  con  . 

(40°-45°). 

r  CEtH, 

•■icon'  ^ 

rc(C..n,)H, 

[  con  . 

(68°-75°). 

fCPrH^  rc(c,ir)H3 

■•icoH  icon  . 

93°. 

-  ■ 

,rC(C,H,,)H,  ^  ^  _J20 

[COn  oeiow-i^. 

152°. 

rC(C,H^0H, 

•'iCOH 

—  03 

228°? 

rc(coB3)ir 

•••icon 

.  +  r. 

213°. 

fc(c,„n.„)n„ 
■•■  [con 

rC(C,,H,3)H, 

••icon 

.  52°, 

232°. 

ACETIC  ALDEHYDE,  Aldehjdc. 

JCH, 

t  coir 

Ilolecular  'li'eirilit  =11.  Molecular  volume  |  |  |.  1  litre  oj 

aldeln/de  vaj^our  iceighs  22  critlis.  Sj).  yr.  =0'79.  Foils 
at  21°-8. 

Prcparatio7i. — 1.  By  oxidizing  alcohol  with  chromic  acid, 
chlorine  water,  or  manganic  oxide  and  sulphuric  acid  : — 

fClT3  ,  0  -  ojj 

jciUIo  +  -  jeOH  + 

Ethylic  Acetic  Water, 

alcohol.  iildehyde. 

2.  By  oxidation,  casein,  fibrin,  and  albumen  also  yield  alde¬ 
hyde. 


REACTIONS  OF  ACETIC  ALDEHYDE. 
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3.  Aldehyde  is  formed  ■nheu  the  vapour  of  alcohol  or  ether 
is  passed  through  a  tube  heated  to  dull  redness. 

Eeactions. — 1.  It  gradually  absorbs  oxygen  from  the  air, 
forming  acetic  acid,  into  which  it  is  also  readily  converted  by 
oxidizing  agents : — 


JCH, 

[COH 

Acetic 

aldehyde. 


+ 


0 


/  CII, 

1  COHo- 

Acetic 

acid. 


2.  It  reduces  silver  salts,  depositing  lustrous  metallic  silver 
on  the  sides  of  the  vessel. 

3.  By  the  action  of  phosphoric  chloride  on  aldehyde,  ethyli- 
denic  dichloride  is  produced : — 

{cok  +  PCI.  =  +  POCl.. 

Acetic  Phosphoric  Ethylidenic  Pliosphoric 

aldehyde.  chloride.  dicliloride.  oiytrichloridc. 


4'.  When  submitted  to  the  action  of  potassium,  one  atom  of 
hydrogen  is  substituted  by  an  atom  of  the  metal,  the  compound 

j  CH,, 

tcOK 

being  formed. 

5.  Hydrocyanic  acid  transforms  aldehyde  into  alanin ; — 

{coil  +  = 

Acetic  Hydrocyanic  Water, 

aldehyde.  acid. 


f  CMeir(N'''H,) 
1  COHo 

Alanin. 


By  the  action  of  nitrous  anhydride,  alanin  or  lactamic  acid 
is  converted  into  lactic  acid : — 


„  f  CMeH(^’'"H,) 
^  [  COHo 

Alanin. 


+  =  2 

Nitrous 

anhydride. 


/  CMellHo 
i  COHo 

Lactic 

acid. 


+  2N,  +OH,. 

WaU'r. 


There  are  three  isomeric  moditications  of  aldehyde : — 
MeiaUchjde,  crystalline,  subliming  at  120°. 
Paraldehyde,  liquid,  boiling  at  125°. 

Maldehyde,  crystalline,  fusing  at  2°,  boiling  at  94°. 
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By  the  action  of  chlorine  upon  alcohol,  trichlor-aldehyde  is 
formed  containing  3  atoms  of  chlorine  in  the  place  of  3  atoms 
of  methylic  hydrogen.  It  is  named  chloral, 

\  CCl, 

[COH- 

This  compound  immediately  unites  with  one  moleciile  of 
water,  forming  chloral  hydrate,  which  has  the  following  con¬ 
stitutional  formula : — 

JCCl, 

ICHHo; 

In  the  same  operation  chloral  alcoholate  is  generally  produced. 
Its  constitution  is  expressed  by  the  following  formula : — 

/  CCI3 

1  CHEtoHo* 


B.  ALDJEIITDES  BEBIFUD  FR03I  THE  C„Ho,._,Ho 

ALCOHOLS. 

ACROLEIN.  Acrylic  Aldehyde. 

f  CMe'H 
1  COH  • 


Ilolecular  xceight  =56.  Moleeular  volume  1  litre  of 

acrolein  vapour  weighs  28  eriths.  Soils  at  52°‘4. 

Preparation. — 1.  By  the  action  of  phosphoric  auhytlride  or 
of  sulphuric  acid  on  glycerin  ; — 
r  CII.Ho 

<  CHHo  =  2011.,  -f 

[  Cll.llo 


C.AIe'TI 

coil  • 


Glycerin. 


Water. 


Acrolein. 


2.  By  the  oxidation  of  allylic  alcohol : — 

(  CMc'']I  ,  n  -  fCMo"II  , 
\ClI,llo  +  -  \C01l  + 

Allylic  Aerolein. 

ulcoliol. 


Oil.. 

^\'ate^. 


BENZOIC  ALDEHYDE. 


Ill 


3  By  the  action  of  heat  on  the  product  of  the  union  of  ace¬ 
tone  with  bromine : — 


f  COMe 
ICH3 

Acetone. 


CMeBr, 


+  Br,  = 


CMeBr, 
CH,Ho  • 


f  CMe''l-I 


CH,Ho'  “  jcOH  + 


Acrolein. 


Ilydrobromic 

acid. 


Beaction. — By  oxidation,  acrolein  yields  acrylic  acid : — 


fCMe-'H  ,  0  - 
\ COH  +  ^  - 

Acrolein. 


r  CMe"H 
jCOHo  • 

Acrylic  acid. 


C.  ALDERTDBS  DBEIVEB  FBOM  TRF  C„H,,._7Ho 

ALCOHOLS. 

Boiling- 

point. 

Benzoic  aldehyde  . |  q^^...180°.  * 

Cuminic  aldehyde  . |  q”q^...229°’4. 


BENZOIC  ALDEHYDE,  Oil  of  Bitter  Almonds,  Rydride  of 

Benzoyl. 

JCA 

[COH- 

Molecular  weiyltt  =106.  Molecular  volume  [~7~].  1  litre  of 

lenzoio  aldehyde  vapour  weighs  53  criths.  Sp.  gr.  1‘04!3. 
Boils  at  180°. 

Breparation. — 1.  By  the  oxidation  of  amygdalin  by  nitric 
acid,  and  by  the  action  of  a  mixture  of  manganic  oxide  and  sul¬ 
phuric  acid  on  albumen,  fibrin,  casein,  and  gelatin. 

2.  By  digesting  bitter  almonds  with  water  for  five  or  six 
hours  at  30°-10°.  The  syuaptase  present  acts  as  a  ferment  on 
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the  amygclaliii,  converting  it  into  glucose,  benzoic  aldehj'de,  and 
hydrocyanic  acid : — 

+  20H,  =  { +  nch  +  2C3H,,0„. 

Amygdalin.  Water.  Benzoic  Hydroovanie  Glucose. 

aldehyde.  aciu. 

3.  By  digesting  together  plumbic  nitrate,  water,  and  benzylic 
chloride  (chlorotoluol),  benzoic  aldehyde  is  formed: — 

2  I  gA^^  +  N,O..Bbo"=NA+OH,+Pba+2  |  . 

Benzylic  Plumbic  Nitrous  Water.  Plumbic  Benzoic 

chloride.  nitrate.  anhydride.  chloride.  aldehyde. 


The  benzylic  chloride  is  prepared  by  passing  chlorine  into 
the  vapour  of  boiling  toluol. 

Reactions. — 1.  AVheu  exposed  to  the  air,  benzoic  aldehyde 
absorbs  oxygen  and  is  converted  into  benzoic  acid : — 


J  C  JI, 
iCOII 


+ 


Benzoic  aldehj'dc. 


0 


CoH, 

COHo- 

Benzoic  acid. 


2.  Heated  with  solid  potassic  hydrate,  it  gives  hydrogen  and 
potassic  benzoate : — 

|C,H,  .  _  fC^H, 

jeOH  -  \COKo  + 

Benzoic  Potassic  Potassic 

aldehyde.  hydrate.  benzoate. 


CHAPTER  XVI. 

THE  ACIDS. 

The  acids  form  the  most  numerous  mmily  of  organic  com¬ 
pounds. 

^lany  of  them  arc  contained  in  plants  in  the  free  state,  or 
in  combination  as  metallic  or  ethereal  salts. 


MONOBASIC  ACIDS. 
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Others  are  produced  by  the  action  of  chemical  agents  on 
various  organic  substances. 

Some  arc  formed  in  the  animal  organism,  as,  for  instance, 
formic,  paralactic,  oleic,  and  stearic  acids. 

The  organic  acids  are  divided  into  three  great  classes,  accord- 
iii"  to  their  basicitv  : — 

O  •/ 

1.  Monobasic  acids. 

2.  Dibasic  acids. 

3.  Tribasic  acids. 

The  basicity  of  organic  acids  is  determined  by  the  following 
simple  law: — a/i  o/yanic  acid  containing  n  semimolecnles  of 
oxatyl  is  n-hasic. 


MONOBASIC  ACIDS. 

The  monobasic  acids,  which  always  contain  a  single  semi- 
molecule  of  oxatyl  (COHo),  include  the  six  following  series  : — 

General  formulae. 

!/,+  ! 


f  C  IT 

1.  Acetic  or  fatty  series  .  j  COHo^ 


2.  Acrylic  or  oleic  series  . | 

3.  Lactic  series  . 


/  C(C,J-L„+0(CJle,„+i)Ho 
. \ COHo 

4.  Pyruvic  series  . | 


5.  Glyoxylic  series . | 


j  C(C,.H,„+,)no, 


6.  Benzoic  or  aromatic  series  |  "• 


The  1st,  2nd,  3rd,  5th,  and  Gth  of  these  series  may  be  regarded 
as  the  derivatives  from  corresponding  series  of  alcohols. 


1.  The  Acetic  series  from  the  Methyl  series  of  alcohols^yv^_^< 

2.  „  Acrylic  „  „  Vinyl  „  „ 


3.  „  Lactic 


33 

33 


G. 

VOL.  II. 


„  Glyoxylic  „ 
„  Benzoic  „ 


3) 

33 


Glycol 

Glycerin 

Phenyl 


33 

33 

33 


114 


THE  ACIDS. 


The  acids  of  the  first,  second,  fourth,  and  sixth  series  are 
termed  monohydric  as  well  as  monobasic ;  whilst  the  acids  of 
the  third  series  are  termed  diliydric  and  monobasic,  indicating 
their  origin  from  the  dihydric  alcohols,  and  that  they  contain 
two  semimolecules  of  hydroxyl,  one  of  which  is  in  the  oxatyl 
or  negative  part,  and  the  other  in  the  positive  part  of  the  mole¬ 
cule.  The  hydrogen  of  the  latter  hydroxyl  may  he  displaced 
by  highly  positive  metals,  in  the  same  manner  as  the  hydrogen  of 
the  hydroxyl  in  alcohols  but  it  cannot  be  displaced  by  double 
decomposition  with  bases,  in  the  same  manner  as  the  hydrogen 
in  the  oxatyl  may  be  substituted. 

The  acids  of  the  fifth  series  are  termed  trihydric  and  mono¬ 
basic,  indicating  that  they  are  derived  from  the  trihydric  alco¬ 
hols,  and  that  they  contain,  besides  the  hydroxyl  in  the  oxatyl, 
two  other  semimolecules  of  hydroxyl  in  the  positive  part  of 
the  molecule. 


1.  ACETIC  OB  FATTY  SERIES  OF  ACIDS. 


These  acids  may  be  conveniently  arranged  under  three  divi¬ 
sions,  viz. : — 

A.  Normal  acids. 


Gieneral  formula... 


f  C(c„h,„+oh.> 

1  COHo 


B.  Secondary  acids. 


C.  Tertiary  acids. 


General  formula . . 


j  C(C„il,.+03 
t  COlIo 


NORMAL  FATTY  ACIDS. 
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A.  NOBMAL  ACIDS  OF  THE  ACETIC  OB  FATTY 

SEBIES. 

G-eneral  formula...  | 

In  formic  acid,  •which  is  generally  considered  to  be  the  first 
term  of  this  division,  the  radical  C(C„Ho„^i)H2  is  replaced  by 
H  ;  and  in  acetic  acid  the  value  of  «=0.  In  reference  to  the 
foUo'vving  list  of  normal  fatty  acids,  it  must  be  borne  in  mind 
that  the  normal  character  has  not  been  established  in  the  case 
of  those  members  •which  possess  a  higher  molecular  weight 
than  oenanthylic  acid : — 


. tCOHo  . 

Fusing  Boiling- 
point.  point. 

Formic  acid . 

.  +1°.  100°. 

Acetic  acid  . -j 

f  Me  f  CH, 

[COHo  °^tCOHo . 

+  17°.  117°. 

Propionic  acid  ...  j 

fCMeH.  ^  rC(CH3)H„ 

[  COHo'  \  COHo  '  ••• 

IIP. 

Butyric  acid . j 

fCEtH,  fC(C.H3)H, 

[COHo  °^tCOHo 

below  ,^.,0 

_ 2Q0  -LOl., 

Valeric  acid  . | 

iCPrH,  JC(C,IL)IH 
[COHo  (.COHo 

175°. 

Isopropaceticacid  |  | 

175°. 

Caproic  acid . j 

fCBuH,  rC(C,H„)H, 

[  COHo  1  COHo 

.  +5°.  198°. 

ffinanthylic  acid  ^ 

fCA;H,  .fC(C,H„)IH 
[COHo  [COHo 

212°. 

Caprylic  acid  . . .  j 

f  CCpH,  J  C(C„H,)H, 
[COHo°^[COHo 

+  14°.  236°. 

Pelargonlc  acid  ... 

/  ccaiuH, 

. [ COHo 

+  18°t  260°. 

I  2 
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Fusing- 

point. 


Capric  acid  .  -j 

'C(airjiL 

Co  Ku 

27^-2(30°). 

Laurie  acid  . | 

C(C.„TrjH, 

COHo 

43=-6. 

Myristic  acid  . | 

53^-8. 

Palmitic  acid . j 

[  COHo 

G2^. 

Margaric  acid  . - 

[  C(CJLJR, 

[  COHo 

59°-9  ? 

Stearic  acid  .  ■ 

f  C(C.,HJH, 

1  COHo 

69°-2. 

Arachidic  acid  . . 

f  C(C.,H3,)H, 

[  COHo 

75°. 

Behenic  acid . 

J  CiC,,H,)IL 
[  COHo 

7G°. 

Hyoenasic  acid  . 

[  C(C,,H,,)H, 

[  COHo 

77°. 

Cerotic  acid  . 

f  C(C„H3,)IL 
\  COHo 

78°. 

Melissic  acid . 

1  C(C.JUIL 
\  COHo 

88°. 

Occurrence. — The  greater  number  of  the  acids  of  tins  scries 
are  met  with  already  formed  in  nature,  some  in  the  free  state,  as 
formic  acid  in  ants  and  nettles,  valeric  acid  in  the  valerian 
root,  pelargonic  acid  in  the  essential  oil  of  the  Pelargonium 
roseum,  and  cerotic  acid  in  bee’s-wax. 

Others  are  met  with  as  the  ethereal  salts  of  monohydric 
alcohols.  Thus  spermaceti  is  cctylic  palmitate,  and  Chinese  wax 
eery  lie  ccrotate. 

A  large  number  exist  as  natural  fats  in  the  form  of  the 
ethereal  salts  of  glycerin :  this  is  the  case  with  butyric,  pal- 
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mitic,  aud  stearic  acids,  which,  united  with  glycerin,  form 
respectively  butyrin,  palmitin,  and  stearin. 

Formation. — 1.  By  the  oxidation  of  the  normal  alcohols  of 
the  methyl  series,  as  in  the  conversion  of  alcohol  into  acetic 
acid  by  heating  it  with  a  solution  of  chromic  acid : — 

{ggio  +  O.  =  +  OH. 

Alcohol.  Acetic  Water, 

acid. 


2.  By  the  actien  ef  alkalies  or  acids  upon  the  nitriles  or 


abnormal  c 

yauides  of  the 

series  of  radicals 

: — 

t  CN'" 

+  KHo  + 

OH, 

_  f  C„H„+i 
~  i COKo 

+ 

NH3; 

Nitrile. 

Potassic 

Water. 

Potassic 

Ammonia. 

hydrate. 

salt. 

and 

t  CN"' 

+  HCl  + 

2OH3 

II 

^0 

+ 

NH,C1. 

Nitrile. 

Hydrochloric 

acid. 

Water. 

Acid. 

Amnionic 

chloride. 

Instances  of  these  reactions  are  seen  in  the  treatment  of 
ethylic  nitrile  by  a  boiling  solution  of  potassic  hydrate,  when 
it  is  converted  into  potassic  propionate,  ammonia  being  evolved, 
thus — 


+  KHo  +  OH._ 

Ethylic  Potassic  Water, 

nitrile.  hydrate. 


J  CMeH, 
jCOKo' 

Potassic 

propionate. 


+  NH3; 
Anunonia. 


and  in  the  conversion  of  othyh'c  nitrile,  by  the  action  of  hydro- 
chloric  acid,  into  ammouic  chloride  and  propionic  acid — 

{Sn'"”’  +  HCl  +  2011,  =  +  WH,C1. 

Ethylic  Hydrochloric  IVatcr.  Projiionic  Amnionic 

nitrile.  acid.  acid.  chloride. 
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3.  By  the  action  of  the  potassium  or  sodium  compounds  of 
tlie  radicals  upon  carbonic  anhydride — 

CO.  + 

Carbonic  Sodium  Sodic 

anhydride.  compound.  salt. 


as,  for  example,  in  the  formation  of  sodic  propionate  hy  the 
absorption  of  carbonic  anhydride  by  sodic  ethide : — 


CO,  +  CMeH,Xa 

Carbonic  Sodic  ethide. 

anhydride. 


f  CMeH, 
t  CONao- 

Sodic 

propionate. 


4.  By  the  oxidation  of  aldehydes — 


[  COH  +  ^ 

Aldehyde. 


t  COHo  ’ 

Acid. 


as  in  the  conversion  of  acetic  aldehyde  into  acetic  acid  by 
the  absorption  of  atmospheric  oxygen  : — 


CH, 

COH 

Acetio 

aldehyde. 


+ 


0 


fCH, 
t  COHo* 

Acetic 

acid. 


Besides  these  reactions  of  general  application,  there  are 
numerous  special  methods  for  the  production  of  certain  mem¬ 
bers  of  this  series.  In  most  of  these  methods,  however,  the 
reactions  cannot  be  clearly  traced. 

Thus,  by  the  oxidation  of  albumen,  fibrin,  casein,  and  other 
similar  substances,  there  are  produced  formic,  acetic,  propi¬ 
onic,  butyric,  valeric,  and  caproic  acids. 

Propionic  and  butyric  acids  are  produced  in  some  kinds  of 
fermentation  ;  and  acetic  acid  is  obtained  by  the  destructive 
distillation  of  wood  and  other  similar  substances. 
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Itelatioiis  of  the  Normal  Fatty  Acids  to  the  Series  of 

Radicals. 


1.  When  these  acids  are  submitted  to  the  action  of  nascent 
oxygen  evolved  by  electrolysis,  the  negative  radical  oxatyl  is 
converted  into  carbonic  anhydride  and  water,  the  positive 
radical  being  set  at  liberty  : — 


1  COHo 


+  0 


Acid. 


+  ^co.  +  oh„. 

Positive  Carbonic  AVater. 

radical.  anliydi'ide. 


On  electrolyzing  a  solution  of  potassic  valerate,  hydric  po- 
tassic  carbonate  and  the  normal  radical  butyl  are  formed ; — 

2{&0K„  +  oh,  +  0  =  {gA  +  CCOHoHo. 

Potassic  Water.  Butyl.  Hydric  xiotassio 

valerate.  carbonate. 


2.  When  the  ammonic  salts  of  these  acids  are  heated  with 
phosphoric  anhydride,  they  are  converted  into  the  nitriles  or 
abnormal  cyanides  of  the  radicals  of  the  C„Il2„+i  series — 


\C0(N"H,0) 


+ 


2P.O, 


fCJ-V,  , 
\  CN"'  + 


4PO,Ho, 


Ammonic  salt.  Phosphoric  Nitrile.  M'etapho'sphorio 

anhydride.  ,  ■  ‘  acid. 

r  /trS 

as  in  the  transformation  of  ammonic  acetate  into  methylic 
nitrile  by  distillation  with  phosphoric  anhydride  : — 


{ C0(N''H,0)  +  -  { CN'"  +  dPO.JIo. 

Ammonic  Phasphorio  Methylic  Metaphosphorio 

acetate.  anhydride.  ^  iptrile.  ^  acid. 

of  ■  J.U  oL^  -  C 

These  abnormal  cyanides  are  converted  into  monohydric 
alcohols  by  Mendius’s  reaction  (see  p.  55). 

From  the  alcohols  so  obtained,  the  radicals  ai-c  iso¬ 

lated  as  described  at  page  53. 
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Hclations  of  the  Normal  Fatty  Acids  to  the  C„iro„^iIIo  Series  of 

Alcohols. 

1.  By  oxidation  the  normal  alcohols  yield  these  acids,  as 
above  shown. 

2.  Conversely,  the  normal  fatty  acids  can  be  converted  into 
the  C„Il2,.+iHo  alcohols, — 

1st,  by  Mendius’s  reaction  (see  p.  55); 

2nd,  by  Piria  and  Wurtz’s  reactions,  viz. : — 

Distillation  of  the  potassic  salt  of  the  fatty  acid  with  an 
equivalent  quantity  of  potassic  formate,  by  Avhich  the  acid  is 
converted  into  the  aldehyde. 


fll 

I  COKo 


rc„H2„+i  , 

\  COKo 


f  C  JT2.+1 

[  con 


+  COKo,, 


Potassic 


Potas.^ic 

formate. 


Akleli3*dc. 


Potassic 

carbonate. 


and  subsequent  treatment  of  the  aldehyde  by  nascent  h}"- 
drogen. 


r 

i  ClIJlo’ 


.'Uduliydo. 


Normal 

alcohol. 


3.  By  the  action  of  sodium  amalgam  upon  a  mixture  of  the 
acid  and  chloracid : — 


The  anhydride  of  the  acid  is  also  formed  and  converted,  by 


the  nascent  hydrogen  evolved  by  the  action  of  the  sodium  upon 
the  acid,  into  alcohol. 


2  I 


/■ 


'i  'Lil  e 


FORMIC  ACID. 
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Belations  of  the  Normal  Fatty  Acids  to  each  other.  Ascent  of 

the  Series. 


If  the  hydrogen  constituting  the  positive  part  of  formic  acid 
were  substituted  successively  by  methyl,  ethyl,  &c.,  the  whole 
series  of  normal  fatty  acids  would  be  obtained  : — 


Formic  acid.... 
Acetic  acid  . . . . 
Propionic  acid 
Butyric  acid  . 


H 

COHo‘ 

CH, 

COHo- 


C,H,, 


COHo- 


C3H- 

COHo  - 


This  substitution  has  not  yet  been  accomplished ;  but  an 
analogous  series  of  reactions  has  been  effected  with  acetic  acid. 

By  the  action  of  sodium  on  acetic  ether,  one  of  the  hydrogen 
atoms  in  the  positive  part  of  the  compound  becomes  substituted 
by  sodium,  producing 

Mouosodacetic  ether 


/  CII,Na 
ICOEto' 


By  acting  on  this  body  with  the  iodides  of  the  radi¬ 

cals,  ethylic  salts  of  the  higher  acids  are  produced. 

On  submitting  mouosodacetic  ether  to  the  action  of  ethylic 
iodide,  for  instance,  butyric  ether  is  produced — 


CH^Na  ^ 
COEto  + 

Monopodacetic 

ether. 


/ 

I 


Ethylic 

iodide. 


/  C(C,H,)H, 
[  COEto 

Biityrie 

ether. 


+  Hal. 

Sodic 

iodide. 


FORMIC  ACID. 

{  COHo 

Molecular  weiyht  =4G.  Molecular  volume  PTI-  1  litre  of 
formic  acid  vapour  weighs  23  criths.  Sp. yr.  of  lUpuid  1’2353 , 
Fuses  at  1'’  C.  Boils  at  100°  C. 
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Occurrence. — If  red  ants  be  made  to  pass  over  blue  litmus- 
paper  and  be  at  tlie  same  time  irritated,  they  leave  a  red  streak 
behind  them,  produced  by  the  formic  acid  which  they  eject. 
By  placing  the  hand  on  au  ant-hill,  a  tingling  sensation  is  felt 
from  the  same  cause,  and  the  hand  acquires  the  powerful  and 
pleasant  odour  of  formic  acid. 

Formic  acid  also  occurs  in  the  hairs  of  certain  caterpillars 
and  in  the  sting  of  nettles. 

Formation.— 1.  Formic  acid  is  produced  in  a  very  large  num¬ 
ber  of  chemical  reactions,  as  in  the  oxidation  of  many  organic 
bodies  (such  as  starch,  woody  fibre,  or  tartaric  acid)  by  a 
mixture  of  sulphuric  acid  and  manganic  oxide,  or  by  potassic 
hydrate  or  chromic  acid. 

2.  By  the  action  of  potassic  hydrate  on  chloroform,  potassic 
formate  is  generated : — 

CHCI3  -b  4KHo  =  CHOKo  -f  3KC1  +  20K,. 

Chloroform.  Potassic  Potassic  Potassic  Water, 

hydrate.  formate.  chloride. 


3.  By  the  oxidation  of  methylic  alcohol : — 


{ Ciyio  +  -  { cOHo  + 

JSrethyHc  Pormio 

alcohol.  acid. 


OH,. 


Water. 


4.  By  heating  equal  weights  of  dry  oxalic  acid  and  glycerin 
together  to  75°  C.,  wlien  the  oxalic  acid  splits  into  formic  acid 
and  carbonic  anhydride : — 


J  COIIo 
t  COHo 

O.mlic 

acid. 


{SoHo  + 

Formic  Carbonic 

acid.  anhydride. 


5.  By  digesting  together  at  100°,  for  forty-eight  hours, 
potassic  hydrate  and  carbonic  oxide  : — 


KHo  -f  CO 


1  COKo  • 


Potassic  Carlionic  Potassic 

hydrate.  oxide.  formate. 
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G.  Eormic  acid  ia  produced  in  small  quantities  by  digesting 
carbou  with  permanganic  acid. 

Formic  acid  from  any  of  these  sources  is  obtained  in  the 
concentrated  state  by  decomposing  plumbic  formate  with  sul¬ 
phuretted  hydrogen,  and  afterwards  rectifying  the  acid  over 
plumbic  formate : — 

gHOpb„.,  +  SH,  =  +  PbS". 

Plumbic  Sulphuretted  Formic  Plumbic 

formate.  hydrogen.  acid.  sulphide. 

Character. — When  heated  with  concentrated  sulphuric  acid, 
formic  acid  splits  into  water  and  carbonic  oxide : — 

{cOHo  =  CO  +  OH^. 

Formic  Carbonic  Water, 

acid.  oxide. 

Chlorine  converts  formic  acid  into  hydrochloric  acid  and  car¬ 
bonic  anhydride  : — 

{oOHo  +  =  2HC1  +  CO, 

Formic  Hydrochloric  Carbonic 

^cid.  acid,  anhydride. 

AVhen  heated  with  excess  of  mercuric  oxide,  it  is  converted 
into  carbonic  anhydride  and  water,  the  mercury  being  reduced 
to  the  metallic  state : — 

{cOHo  +  **S0  =  CO.  +  Hg  +  OH, 

Formic  Mercuric  Carbonic  Water, 

acid.  oxide.  anhydride. 


ACETIC  ACID. 

/  CH,, 
i  COHo  * 

Molecular  weifjlit  =G0.  Molecular  volume  I  I  I.  1  litre  of 
acetic  acid  vapour  weic/hs  30  criihs.  8p.  gr.  of  liquid 
Fuses  at  -f  17°.  Boils  at  117°. 


THE  ACIDS. 
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Occurrence. — Found  in  small  quantities  in  the  juices  of 
plants  and  in  animal  fluids. 

Manufacture. — 1.  By  the  destructive  distillation  of  wood, 
a  liquid  is  obtained  which  contains  acetic  acid;  the  acid  is 
purified  by  being  converted  first  into  a  calcic,  and  then  into  a 
sodic  salt,  the  latter  being  afterwards  decomposed  by  sulphuric 
acid. 

2.  By  the  oxidation  of  ethylic  alcohol : — 

JCH3  Q  _  rcH, 

1  CH,Ho  +  -  I  cOHo  + 

Ethylio  Aeetio  Water, 

alcohol.  acid. 

Preparation. — Pure  acetic  acid  may  he  obtained  by  distilling 
potassic  diacetate : — 

JCH,  jCH,  _  fCn,  ,  JCH, 

jCOKo’  iCOIIo  “  \COKo  ^  I  COHo- 

Potassic  dincftatc.  Potassic  Acetic 

acetate.  acid. 

Character.- — Chlorine  acts  on  acetic  acid  in  sunlight,  pro¬ 
ducing  three  chlorinated  acids,  in  which  chlorine  is  substituted 
for  hydrogen ; — 


fCip 
\  COHo 

+ 

Cl, 

f  CH,C1 
”  \ COHo 

+  HCl. 

Acetic 

acid. 

Monochloracetic 

acid. 

irydroehloric 

acid. 

f  CTT^Cl 
\  COilo 

+ 

Cl 

1  CHCl. 

“  1 COH6 

+  HCl. 

Monot  liloracctic 
acid. 

Dichloracctic 

acid. 

Hydrochloric 

acid. 

f  CHCI. 

I  COII6 

+ 

Cl., 

_  fcci 
~  t  COHo 

+  HCl. 

Dichloracctic 

acid. 

Trichloracetic 

acid. 

Hydrochloric 

acid. 

The  salts  of  acetic  acid  in  which  the  hydrogen  of  the  oxatyl 
is  replaced  by  monad  metals  have  the  general  formula 

f  CH, 
t  COMo- 


PROPIONIC  ACID. 
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The  acetates  of  the  dyad  metals  have  the  constitution  repre¬ 
sented  by  the  following  general  formula  : — 


CK 


\C0-0 
/  CO-0 
I  CII3 


M"  or 


r  CMeO 
-I  Mo"  or 
[  CMeO 


CMeO-Oi.;t-„ 

CMeO-0^'^ 


By  the  action  of  phosphorous  chloride,  acetic  acid  yields 


acetylic  chloride : — 


3 


CK 


COHo 


Acetic 

acid. 


+  PCI3  -  3 

Phosphorous  Acetylic 

chloride.  chloride. 


•pf  1+0)3 
+  poiino,. 

Phosphorous 

acid. 


PROPIONIC  ACID,  Metliaceiic  Acid. 

j  CMelT, 

[COHo  • 

Molecular  weight  Molecular  volume  \  I  ].  llitre  of  pro¬ 

pionic  acid  vapour  iceighs  37  criths.  Boils  at 


Breparation. — 1.  By  the  oxidation  of  metacetone — a  liquid 
obtained  by  the  distillation  of  a  mixture  of  sugar  and  lime. 

2.  By  the  action  of  concentrated  solution  of  potassic  hydrate 
on  sugar. 

3.  By  the  fermentation  of  glycerin,  and  also  of  sugar,  by 
means  of  putrid  cheese  in  the  presence  of  calcic  carbonate. 

4.  By  the  action  of  potassic  hydrate  or  hydrochloric  acid  on 
abnormal  ethylic  cyanide  (see  p.  117). 

5.  By  the  action  of  carbonic  anhydride  on  sodic  ethide 
(see  p.  118). 

G.  By  the  action  of  hydriodic  acid  on  lactic  acid 


f  CMellllo 
1  COHo 

Lactic 

acid. 


-f  2HI 


Hydriodic 

acid. 


j  CMell, 
[  COIIo 

Propionic 

ncid. 


OH,  -f  I,. 

Wntcr. 
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BUTYEIC  ACID,  miiacetic  Acid. 

r  CEtH, 

1  COHo'' 

Molecular  lueight  =88.  Molectdar  volume  I  I  1.  1  litre  of 

butyric  acid  vapour  iceiylis  44  critlis.  Sp.  gr.  of  liquid 
0'9886.  Fuses  below  — 20°.  Foils  at  161°  C. 

Occurrence. — lu  butter,  juice  of  flesli,  perspiration,  and  many 
animal  secretions. 

Preparation. — 1.  By  the  fermentation  of  sngar  with  putrid 
cheese. 

2.  By  the  action  of  ethylic  iodide  on  sodacetic  ether  (for 
reaction,  see  page  121). 


VALEEIC  ACID,  Valerianic  Acid. 

j  CPrll, 

[COHo' 

Molecular  tveiglit  =102.  Molecular  volume  \  |  1  litre  of 

valeric  acid  vapour  uxiglis  51  critlis.  Sp.  gr.  of  liquid 
0‘937.  Foils  at  175°. 


Occurrence. — In  many  plants,  as  in  the  roots  of  valerian  and 
angelica. 

Preparation. — By  the  oxidation  of  amylic  alcohol  with  a  mix¬ 
ture  of  sulphuric  acid  and  dipotassic  dichromate : — 


J  C(C3H,)H, 

[  CH^Ho 


+ 


Amylio 

alcoliol. 


o,  = 


C(C3H,)IB 

COHo 

'\’aloric 

acul. 


+ 


OII3. 

Water. 


Isomeric  forms. — There  are  four  possible  isomers  of  valeric 
acid : — 


Normal  valeric  acid  or  j  CPrIL  ,  f  CIT3(CIB[CIB(CH3)]) 
propacctic  acid .  |  COITo  \  COilo 


IE  II  II  II 


11— U— C— C— !— C- 


H  H  II  11 


— C=0 

i  I 

O 


ir 
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Isopropacetic  acid  •••|qoHo^^ 


CH,[CH(CH3)J. 

COHo. 


H 

I 

H-C— H 


H— C- 


II— C— II 

I 

H 


H 

i 

-C— 

II 


-C=0  / 

I  «.  ^ ^  fi. 


o 

I 

H 


?• 


Af  .1  r  -I  JCEtMell  f  CH(CH3)[CII,(CIl3)] 
i^Ietbethaceticacid...  |  COHo  * 


H 


II  H  II— C— II 

I  I  I 

H— C— C - C - C=0 

H  H  H  0 

I 

II 


Triraethacetic  acid  -.{coHo 


II 

I 

H— C— H 


H 

I 

II— C- 


-C- 


II 


c=o 

I 

0 


H— C— H  II 

i 

H 


:>,6: 


Of  these,  the  normal,  the  isopropacetic,  and  the  trimetha- 
cetic  acid  are  known. 
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B.  BECONDABY  FATTY  ACIDS. 

General  formula...  | 

Formation. — 1.  By  the  action  of  the  iodides  of  the  C„H2n+i 
radicals  on  disodacetic  etlier,  the  ethereal  salts  of  these  acids 
arc  produced. 

2.  By  the  action  of  a  boiling  solution  of  caustic  potash  upon 
the  nitriles  or  abnormal  cyanides  of  the  secondary  radicals. 


DIMETHACETIC  ACID,  or  Isohutyric  Acid. 

J  CMe.,H 
t  COHo  ’ 

Molecular  iceigld  =SS.  Molecular  volume  |  |  |.  1  litre  of 

dimethacetic  acid  vapour  loeiglis  44  criths.  Foils  at  152°. 
Isomeric  xcith  hutyric  or  ethacctic  acid. 


Freparation. — 1.  As  a  potassic  salt,  by  the  action  of  methylic 
iodide  on  disodacetic  ether  and  the  subsequent  decomposition,  by 
alcoholic  solution  of  potash,  of  the  ethereal  salt  so  formed  ; — 


f  CNaJI 
t  COEto 

+ 

2MeI  = 

J  CMeJI 
i  COEto 

+ 

2KaI. 

Disodacetic 

ether. 

JCethylic 

ioditlo. 

Dimethacetic 

ether. 

Sodic 

iodide. 

f  CMo,II 
\  COEto 

+ 

Kilo  = 

/  CMeJI 
j  COKo 

+ 

EtIIo. 

Dimetluvcetic 

ether. 

Potassic 

hydrate. 

Potassic 

dimcthacctate. 

Alcohol. 

2.  By  boiling  i8oprop}'lic  nitrile  \Yith  solution  of  caustic 
potash  : — 


r  CiMeJI  ,  ^ 

I  CiN'"  IvIIo  + 

Isopropylio  lulrile. 


Oil, 


f  Ci\Ie„II  , 
~  t  COKo 

I’otassic  dimethacetati'. 


NII3. 

Ammonia- 


TRIMETHACETIC  ACID. 


129 


Reaction. — By  a  hot  solution  of  chromic  acid  dimethacetic 
acid  is  decomposed  into  carbonic  anhydride  and  acetic  acid : — 

jcOHo”  +  30,  =  2C0.  +  20H.  +  { 

Dimethacetic  acid.  Acetic  acid. 


Acetone  is  sometimes  formed  as  an  intermediate  product. 

{CEt  H 

>  isomeric  -with  caproic  acid,  and. 
COHo’ 

diamylacetic  acid,  \  ^  .rri+n  lo,,.,:/.  \ 


I  Coiio  ’  lauric  acid,  have  been 

prepared  by  the  substitution  of  ethylic  and  amylic  iodides  in 
the  above  reaction. 


C.  TEBTIABY  FATTY  ACIDS. 

Greneral  formula...  | 

Formation. — As  eth^f’eal  salts,  by  the  action  of  tlie  iodides 
of  the  C„Ho„_|.i  radicals  on  trisodacetic  ether. 


TRIMETHACETIC  ACID. 

f  CMe3 
I  COHo* 

3folecular  loeight  =102.  Molecular  volume  |  |  |.  1  litre  of 

trimetliacetic  acid  va]iour  ^oeir/hs  51  critlis.  Isomeric  with 
valeric  acid. 


For  the  graphic  formula  of  trimethacetic  acid  see  p.  127. 
Preparation. — As  au  ethereal  salt,  by  the  action  of  methylic 
iodide  on  trisodacetic  ether ; — • 


J  CNa, 

[  COEto 

Trisodacetic 

ether. 


"t"  3jMeI 

Methylic 

iodide. 


JCMe., 
i  COEto 

IViniothnrcLic 

ctlier. 


f  3NaI. 

Sodic 

iodidt*. 
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CHAPTER  XYII. 


THE  ACIDS. 

2.  ACRYLIC  OB  OLEIC  SERIES  OF  ACIDS. 

General  formula  of  normal  and  f  C(C„H2„)''(C,„H2m+i) 
secondary  acids  .  I  COIIo 

This  series  is  divided  into  normal,  secondary,  and  olefine 
acids.  In  the  normal  acids  m=0  ;  in  the  secondary  it  must  be 
a  positive  integer. 

Most  of  the  normal  acids  exist  as  ethereal  salts  of  glycerin  in 
natural  fats  and  oils. 

The  following  is  a  list  of  the  acrylic  series  of  acids  : — 


A.  NORMAL  ACIDS. 


Acrylic  acid  . 

Crotonic  acid... . 

Angelic  acid . 

Pyroterebic  acid 


J  CMe'TI 

i  COHo 

iDr 

/  CEt''H 

jCOHo 

or 

f  CPr'H 

1  COHo 

or 

f  CBu'TI 

\  COHo 

or 

J  C(CHJ"H 
\COIIo  ^ 

\  COHo 
f  C(C3HJ''H 
1  COHo. 

rc(CA)"H 

I  COHo 


Damaluric  acid 
Damolic  acid  . . . 
Mormgic  acid... 

Cimicic  acid  ... 
Physetoleic  acid 
Hypogteic  acid 
Gaidic  acid . 

Oleic  acid  . 

Elaidic  acid . 

Hoeglic  acid  . . . 

Erassic  acid.  (Enicic  | 
acid)  .  J 


C,H„0,. 

c,h.,03. 

CAO,- 

C(C.,H3,)''H 

COHo 

CAO.r 

C.JIA 


ACIDS  OF  THE  ACRYLIC  SERIES. 
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B.  SECOND ABT  ACIDS. 


Methacrylic  acid 


CMe''Me  f  C(CH,)"(CH3) 

COHo  \COHo 


Metbylcrotomc  acid 


f  CEt"Me 
[  COHo 


or 


f  C(CA)"(CH3) 
t  COHo 


Ethyl  crotonic  acid 


J  CEt''Et 
\COHo 


C(C,H,)"(aHJ 

COHo 


C.  OLEFINE  ACIDS. 


/3  Crotonic  acid 


CMe''H 

CH, 

COHo 


rC(CH.,)"H 
or  iCH^  ■  . 

I  COHo 


Formation  of  Normal  Acids.- — 1.  By  the  oxidation  of  the 
alcohols  of  the  vinyl  or  C„Ho„_iHo  series  : — 

fC(C„HO"H 
I  CH3H0 

Alcohol. 


+  O2  = 


C(C,.hL„)''H 

COHo 

Acid. 


4 


OIE. 

Water. 


senes : — 


2.  By  the  oxidation  of  the  aldehydes  of  the  acrolein  or 
rC(C„HO''H 
jCOH 

fC(C„H,„)"H  ,  o  -  I  C(C„H2,.y'H 

\  COH  +  u  -  I 

Aldehyde.  Acid. 

Formation  of  Secondary  Acids. — By  the  action  of  phosphorous 
chloride,  phosphoric  chloride,  phosphoric  oxytrichloride  or 
phosphoric  anhydride  upon  the  ethereal  salts  of  secondary 
^  acids  of  the  lactic  series,  the  elements  of  water  are  removed 
and  the  ethereal  salts  of  the  acrylic  secondary  division  of  acids 
produced : — 


1 1  fcn.  t"* 

6ciic^) 


o  r  C(c„Ho„+o.Ho 
\  COEto 


+ 


PCI3  = 


EthiTcal  salt  of 
the  lactic  scries. 


Phosphorous 

cliloridc. 


„  rc(CjL,.)"(C„H,,.+o 

^  \  COEto 


'I 


I  c,Ca- 


Ethereal  salt  of  . 
the  acrylic  scries. 


+  POIIH0.3  +  snci. 


Phosphorous 

acid. 


Uydroehlorio 

acid. 


/•  r'-  clu 
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Formation  of  Olefine  Acids. — By  the  action  of  potassic 
liydrate  upon  the  nitriles  or  abnormal  cyanides  of  the 
family  of  radicals : — 

rCMe"!!  fCMe''H 

\  CH,  +  KHo  +  OH.,  =  CH,  +  NH3. 
[CN'"  ■  [cOKo 

Allylic  nitrile.  Potassic  Water.  Potasaio  Ammcnia. 

liydrate.  /3  crotonate. 


Felations  of  the  Acrylic  to  the  Acetic  Series  of  Acids. 

The  normal  and  secondary  acids  of  the  acrylic  series,  when 
treated  with  fused  potassic  hydrate,  yield  the  potassic  salts 
of  two  normal  acids  of  the  acetic  series : — 


/  C(CJU''(C,„H2,„+0  , 

[  COHo 

Acid  of  the  acrylic  series. 


2KHo 

Potassic 

Imlrate. 


f  C(C,J1.„.+x)H3 
|_COKo 

Potassic  salt  of  acid 
of  the  acetic  series. 


+ 


CtC„_2n.,._3)IH  .  rr 

COKo  ■ 

Potassic  salt  of  acid 
of  the  acetic  series. 


All  the  members  of  the  acrylic  series  found  in  nature  give 
acetic  acid  as  one  of  the  acids  produced  in  this  reaction. 
From  tliis  and  other  considerations,  it  is  believed  that  their 
positive  radicals  all  contain  one  atom  of  hydrogen  and  a  dyad 
radical.  They  are  normal  acids ;  and  by  the  action  of  fused 
potassic  hydrate  the  dyad  radical  becomes  substituted  by  two 
atoms  of  hydrogen.  Thus : — 


f  GiVIc"II 
\  GOIIo 

Acrylic  acid. 

r  CEt"H 
t  COIIo 

Crotonie 

acid. 

f  GPr"H 

t  COIIo 

Aijiji-lio 

iK'iil. 


+ 

2  KHo 

_  f  CIl, 

~ [ COKo 

Potaoaio 

Potassic 

hydrate. 

acetate. 

+ 

2KHo 

II 

QO 

Fr 

0 

Potassic 

Potassic 

hydrate. 

acetate. 

+ 

2KHo 

_  f  CH3 
“  1  COKo 

Potassic 

Potassic 

liydrate. 

acetate. 

+  t  COKo 

Potassic 
formate. 

f 
1 

Potassic 
acetate. 


cir, 

COKo 


+  11.3. 

+  H... 


+ 


f  CMcII^ 
I  COKo 

Potassic 

proi>iouate. 


+  IF. 
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Some  of  the  secondary  acids  also  give  acetic  acid  when  treated 
with  fused  potassic  hydrate ;  but  this  can  only  happen,  when 
the  dyad  radical  is  ethylene,  thus : — 


r  CMe'AIe  , 
t  COHo 

2KHo 

r  CMell,  ,  f  H 
“  1  COKo  1  COKo 

+ 

H.. 

Mefchaerylio 

acid. 

Potassic 

hydrate. 

Potas.9ic 

propionate. 

Potassic 

formate. 

rCEt'AIe  , 

\  COHo 

2KHo 

_  f  CMell,  [ 
“  [ COKo  + 1 

fCH, 

[COKo 

+ 

H^. 

Methylcro- 
tonic  acid. 

Potassic 

hydrate. 

Potassic 

piropionate. 

Potassic 

acetate. 

r  CEt"Et  , 
t  COHo 

2KHo 

r  GEtH,  ,  1 
-  [  COKo  +  1 

iCH, 

^COKo 

+ 

IE. 

Ethylero- 
tonic  acid. 

Potassic 

hydrate. 

Potassic 

butyrate. 

Potassic 

acetate. 

ACEYLIC  ACID. 

f  CMe''H 
[COHo  • 

Molecular  weight 

=  72. 

Poils  at  alout  100°. 

Preparation. — By  the  oxidation  of  acrolein  with  argentic 
oxide : — 


rCMe''H  , 

tCOH  +  = 

Acrolein.  Argentic  oxide. 


r  CMe''H  , 
I  COHo 

Acrylic  acid. 


i  o*  . 


Peaciions. — 1*.  Acrylic  acid,  under  the  influence  of  nascent 
hydrogen,  produces  propionic  acid : — 

fCMe''H  ,  -n-  _  J  CMell, 

I  COHo  +  -^2  -  I  COHo'- 

Acrylic  acid.  Propionic 

acid. 


2.  Acrylic  acid  also  combines  directly  with  bromine,  pro¬ 
ducing  dibromopropionic  acid. 


iJjula 


II  *  \ 

c  V 


■M'f 


U  ^  H 

k 
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OLEIC  ACID. 

r  C(c,,H3,)''h 

1  COHo. 

Preparation. — Obtained  in  the  purification  of  stearic  acid. 
Reaction. — Heated  with  potassic  hydrate,  it  gives  potassic 
acetate  and  palmitate  : — 


C(C,IU"H 

COHo 

Oleic  acid.  Potassic 

hydrate. 


CH3  fC(C„H,)H  jj 
COKo+\COKo 


Potassic 

acetate. 


Potassic  palmitate. 


CHAPTER  XVIII. 

THE  ACIDS. 

3.  LACTIC  SERIES  OF  ACIDS. 

General  formula  of  normal  and  secondary  acids  : — 

rC(C„H,,.+0(C„JE„.+0Ho 
I  COHo 

In  the  normal  acids  m  in  this  formula  =0;  but  in  the  secon¬ 
dary  acids  it  must  be  a  positive  integer. 

The  members  of  the  lactic  series  may  be  defined  as  acids 
containing  one  semimolecule  of  oxatyl,  the  fourth  bond  of  the 
carbon  of  wbicii  is  united  with  the  carbon  of  a  positive  group 
containing  one  semimoleculc  of  hydroxyl,  or  of  tlie  peroxide 
of  a  monad  organic  radical  either  positive  or  negative.  The 
following  examples  will  serve  to  illustrate  this  definition ; — 
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H 

I 

H— C— 


H 


H 

1 

H 

H 

i 

1 

H— C— H 

H— C— II 

1 

1 

1 

0 

1 

0=0 

— C— H 

H 

1 

1 

1 

1 

1 

0 

1 

H— C- 

—  C— H 

11 

1 

O- 

II 

o 

1 

1 

1 

1 

1 

H 

1  ■ 

H— C— 

— C— H 

0 

c=o 

1 

1 

1 

1 

H 

H 

0 

0=0 

Lactic  acid. 

1 

1 

11 

0 

Methyl-lactic 

1 

acid. 

H 

Aceto-laetic 

acid. 

The  acids  of  this  series  at  present  known,  or  which  conld 
be  obtained  by  obvious  processes,  are  classified  into  the  fol¬ 
lowing  eight  divisions  : — 


c 


\ 


/ 

/ 

t 

3 

b 


1.  Normal  Acids. 

2.  Etheric  Normal  Acids. 

3.  Secondary  Acids. 

4.  Etheric  Secondary  Acids. 

5.  Normal  Olefine  Acids. 

6.  Etheric  Normal  Olefine  Acids. 

7.  Secondary  Olefine  Acids. 

8.  Etheric  Secondary  Olefine  Acids. 


QA-*  z  , ,  \ 


Jt-'  ■■ 


^  Ist.  Normal  Acids. — A  normal  acid  of  the  lactic  series  may 
be  defined  as  one  in  which  an  atom  of  carbon  is  united  with 
oxatyl,  hydroxyl,  and  at  least  one  atom  of  hydrogen.  The 
general  formula  of  these  acids  is  therefore 


J  Cltllllo 
ICOHo  • 


0^  Itlu  cd 

M-fu. 

^  (1., ,  knea)  I. 


I  .  .. 

^  c  L  Uf-l  I V- 
hx.t  ‘'v  r  c  'f  j 


1,. 
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+ 

lu  tills  formula  K  may  be  either  liydrogeu  or  any  monad 
positive  organic  radical.  The  number  of  acids  possessing 
the  same  atomic  weight,  and  belonging  to  this  division,  is 
determined  by  the  number  of  isomeric  modifications  of  which 
the  positive  organic  radical  is  susceptible.  Thus,  of  the  acids 
containing  two,  three,  or  four  atoms  of  carbon,  there  can  be 
only  one  of  each  belonging  to  this  division,  because  these  acids 
cannot  contain  a  positive  organic  radical  higher  in  the  series 
than  ethyl,  and  this  radical  is  not  susceptible  of  isomeric 
modification;  but  a  normal  acid  containing  propyl  can  have 
one  isomer  in  this  division,  the  two  acids  containing  respec¬ 
tively  propyl  (CEtH^)  and  isopropyl  (CMe,H).  For  acids  of 
this  division  containing  noTmal  positive  organic  radicals  only, 
the  following  general  graphic  formula  may  be  given  : — 


H 

(ir 

n— 0— c— c . 

c 

II  1 

1 

0  0 

1 

iH; 

1 

H 

In  the  case  of  glycollic  acid  n  =0. 

The  following  are  the  acids  at  present  known  belonging  to 
this  division : — 


Glycollic  acid  .... 

Lactic  acid  . 

Oxybutyric  acid 
Yalerolactic  acid 
Leucic  acid . 


r  CHJIo 
1  COHo  ' 

J  CMeHIIo 
t  COIIo  • 

\  CEtHIIo 
t  COHo  • 

f  CPrHIIo 
I  COHo  • 

f  CBuHHo 
i COHo  • 


2nd.  Ethcric  N'ormal  Acids. — An  cthcric  normal  acid  of  the 
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lactic  series  is  constituted  like  a  normal  acid,  but  contains  a 
monad  organic  radical,  positive  or  negative,  in  the  place  of  the 
hydrogen  of  the  non-oxatylic  hydroxyl.  The  following  is  there¬ 
fore  the  general  formula  of  these  acids  :  in  the  graphic  formula 
n,  as  before,  may  =0. 


H 

I 

H— 0— C— C 

II  I 

0  o 


i 

c 

II 


H  or 


In 


\ CKHEO 
\COHo  • 


E 


The  number  of  possible  isomers  belonging  to  this  division  is 
very  great ;  for,  in  addition  to  those  of  which  the  normal  acids 

containing  E  of  the  same  value  are  susceptible,  a  host  of  others 

.  .  +  ± 

must  result  from  the  complementary  variation  of  E  and  E. 
The  lowest  member  of  the  division,  methylglycollic  acid  (iso¬ 
meric  with  lactic  acid),  is  the  only  one  incapable  of  isomeric 
modification. 

The  following  examples  will  serve  to  illustrate  the  constitu¬ 
tion  of  the  acids  belonging  to  this  division  ; — 


Methylglycollic  acid 
Ethyl-lactic  acid  . . . 


Cn,,Meo 
COHo  • 

CMellEto 
COHo  • 


Aceto-lactic  acid 


CMeHAco* 

COHo 


3rd.  Secondary  Acids. — A  secondary  acid  of  the  lactic  series 
is  one  in  which  an  atom  of  carbon  is  united  with  oxatyl,  hy¬ 
droxyl,  and  tivo  semimolecules  of  a  monad  positive  organic 
radical.  The  general  formula  of  these  acids  is  : — 


*  Aco  =  peroxide  of  acetyl,  CoHjO^. 
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TI 


II 

1 

fHl 

1 

1 

0 

1 

ail 

1 

1 

c 

1 

1 

1 

c 

1 

.  . 

1 

1 

«  c=0 

1 

H; 

II 


or 


J  CEJIo 
[ COHo  • 


O 

I 

H 


In  the  graphic  expression,  the  values  of  n  and  m  may  differ ; 
but  both  are  positive  integers,  and  neither  may=0.  In  the 

symbolic  formula  E  must  be  a  monad  positive  organic  radical. 
The  following  examples  will  serve  to  illustrate  their  constitu¬ 
tion  : — 

Dimethoxalic  acid  .. 

Ethomethoxalic  acid 

Diethoxalic  acid . 


f  CMe.,Ho 
t  COHo  • 

f  CEtMello 
t  COHo 

J  CEt.,Ho 
ICOHo  • 


The  number  of  acids  possessing  the  same  atomic  weight,  and 
belonging  to  this  division,  is  determined,  first,  by  the  comple- 
mentaxy  variation  of  the  two  positive  radicals,  and,  secondly,  by 
the  number  of  possible  isomei’s  of  these  radicals.  The  lowest 
two  terms  of  the  sei’ies  ai’e  alone  incapable  of  isomei'ic  modi¬ 
fication  by  either  of  the  causes  mentioned. 

4th.  Etheric  Secondari/  Acids, — These  acids  stand  in  the 
same  relation  to  the  secondaxy  as  tlxe  ethex'ic  norxnal  to  the 
nox'mal  acids;  they  consequently  coutaixi  a  xxxouad  organic 
radical  in  the  place  of  the  hydrogexx  of  the  uon-oxatylic  hy¬ 
droxyl.  The  following  is  therefox’e  the  general  forxnxxla  of 
these  acids  : — 
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+ 

E 


IT' 

0 

fHl 

1 

H 

c 

. i . 

1 

C 

1 

iHj 

O 

II 

-o- 

« 

1 

iH; 

H 


or 


+  + 
f  CE.,Eo 


\  COIIo- 


O 

I 

H 


5tb.  Normal  Olefine  Acids. — A  normal  olefine  acid  belonging 
to  the  lactic  series  is  one  in  which  the  atom  of  carbon  united  . 

^  J  /  (AS  U  j 

with  oxatyl  is  not  combined  with  hydroxyl,  and  in  which  the 
atom  of  carbon  united  with  hydiroxyl  is  combined  with  not  less 
than  one  atom  of  hydrogen.  The  following  are  the  general  . 
graphic  and  symbolic  formulae  of  the  acids  belonging  to  this  1 
division  : —  ^  P  /d) 

..•C— O— H  or  ^  (CH,),.  . 

I  [  COllo  (  Co  (e  ^ 

In  both  these  formula)  n  must  be  a  positive  integer  and  •( 

cannot  =0,  but  E  may  be  either  hydrogen  or  a  monad  positive  '' 
organic  radical.  The  olefines  of  these  acids  may  belong  either 
to  the  ethylene  or  ethylidene  series. 

The  following  are  the  only  acids  at  present  known  belonging 
to  this  division  : — 


H— 0— C 
II 

O 


ail 

c 

I 

H 


) « 


Paralactic  acid 


CHJIo 

ch;  . 

COHo 


r  CHJIo 

Paraleueic  acid  . . . (C^lIJ". 

[  COHo 


The  number  of  isomers  in  this  division  will  obviously  depend, 
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first,  upon  the  complementary  variations  of  K  and  (CH,)„ ; 

secondly,  upon  the  isomeric  modifications  of  which  li  is  sus¬ 
ceptible  ;  and  thirdly,  upon  the  isomeric  modifications  of 

6th.  Etheric  Normal  Olefine  Acids. — These  acids  only  differ 
from  the  normal  olefine  acids  in  having  the  hydrogen  of  the 
non-oxatylic  hydroxyl  replaced  by  an  organic  monad  radical, 
positive  or  negative  ;  their  general  formula  is  therefore, 


H-0— C 

|i 

0 


C 

I 

iH;. 


H 


C— 0— K  or 


4- 

K 


+  ± 

CEHEo 

(CH.,)'; 

COHo 


As  in  the  fifth  division,  n  must  be  a  positive  integer  and  cannot 
=0,  whilst  E  may  be  either  hydrogen  or  a  monad  positive 

organic  radical ;  but  E  must  be  a  monad  organic  radical, 
either  positive  or  negative. 

7th.  Secooidary  01  efime  Acids. — A  secondary  olefine  acid  of 
this  series  is  one  in  which  the  atom  of  carbon  united  with 
oxatyl  is  not  combined  wuth  hydroxyl,  and  in  which  the  atom 
of  carbon  united  with  hydroxyl  is  also  combined  with  two 
monad  positive  organic  radicals,  as  shown  in  the  following 
formula; : — 


+ 


[ir 

E 

1 

1 

f  CE„Ho 

11— 0-C 

c 

. C— 0— H  or 

\  (CH,)'',, 

II 

1 

1 

[COHo 

0 

.Hj 

«  E 

In  both  of  these  formula;  n  must  be  a  positive  integer  and 

cannot  =0,  and  E  must  be  a  monad  positive  radical. 

8th.  Etlieric  Secondary  Olefine  Acids. — These  acids  are 
related  to  the  secondary  olefine  acids  in  the  same  way  as  the 
sixth  division  to  the  fifth.  No  member  of  the  seventh  or  eighth 
division  has  yet  been  formed. 
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Formation  of  the  Normal  Acids. — 1.  By  the  oxidation  of 
the  glycols,  or  dihydric  alcohols. 


f  CH..HO  , 
\  CH:Ho 

Glycol. 


0. 


f  CH,Ho 
jCOHo 


GlycoUic 

acid. 


+  OH,. 

Water. 


2.  By  the  oxidation  of  the  C„H2„+iHo  alcohols : — 


jCH, 

t  CH,Ho  + 

Ethylio 

alcohol. 


0, 


/  CH,Ho 
t  COHo 

GlycoUic 

acid. 


+ 


OH,. 

Water. 


3.  From  the  fatty  acids,  by  converting  them  first  into  chloro- 
substitution  acids,  and  then  acting  upon  these  compounds  ivith 
potassic  hydrate : — 


JC(C„H2„+0H2  .  p,  _  f  C(C„H2,.+i)HC1  , 

[COHo  +  “  [COHo  + 


Fatty  acid. 

Chlorofatty  acid. 

Hydrochloric 

acid. 

J  C(C„H2,.+0HC1 
[COHo 

+  KHo  = 

J  C(C,.H,„+OHHo 
[COHo 

+  KCl. 

Chlorofatty  acid. 

Potassic 

hydrate. 

Normal  acid  of  the 
lactic  series. 

Potassic 

chloride. 

Formation  of  Secondary  Acids. — By  the  action  of  the  zinc 
compounds  of  the  monad  positive  organic  radicals  upon  ethylic 
oxalate,  and  the  subsequent  addition  of  water 


J  COEto  ,  o^—zp  Tq  \ 

Ethylic  Zinc  compound  of 

oxalate.  monad  radical. 


J  C(C„H=„+i)2(Zn''C„H2„+iO) 

[  COEto 


+  Zn(C„Ho„+i)Eto; 

J  c(cjl„+02(Zu''c,jl„+iO)  ,  .Q.,  _  f  c(cjT2„+i;..iro 

[COEto  +  -  [COEto 

Water.  Secondary  acid. 

llydridft  of  Zincic 

radical.  hydrate. 


Formation  of  Olefine  Acids. — By  uniting  a  dyad  positive  or¬ 
ganic  radical  with  carbonic  oxydichloride  {phosyene  yas)  under 


V 


'  _ _ t-a- 


0  7/t.ciL.' 
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the  iuflucnco  of  sunlight,  and  subsequently/  acting  upon  the 
product  with  potassic  hydrate : —  i 

CH,  ,  con  -  /CH'CI 

CH,  +  “  (CH,(COCl)’ 

Ethylene.  Carbonic  oxydi-  j3  Chlorpropionylic 

chloride.  chloride. 

(Phosgene  gas.) 

CH„Ho  2KC1  +  OH, 


f  CH^Cl 
1  CH,(COCl) 

/3  Chloritropionylic 
chloride. 


+  3KHo  = 


Potassic 

hydrate. 


CH./COKo) 

Potassic 
paralactate. 


Potassic 

chloride. 


Water. 


HcJations  of  the  Lactic  to  the  Acetic  Series  of  Acids. 

1.  The  transformation  of  the  acetic  or  fatty  into  the  normal 
lactic  series  of  acids  has  been  mentioned  above  (p.  141). 

2.  The  converse  operation  is  effected  wdth  the  normal  and 
secondary  acids  of  the  lactic  series  by  means  of  hydriodic 
acid : — 

I  C(C,H...+i)(C,„H,,,,+0Ho  , 

ICOHo  +"^^-^“\COHo 

Acid  of  lactic  series.  Hydi'iodic  Acid  of  acetic  series. 

acid. 

+  OH,  + 

W  ater. 

If  m  does  not  =0,  the  fatty  acid  will  he  a  secondary  one, 
like  the  member  of  the  lactic  series  from  which  it  is  derived. 


Melations  of  the  Lactic  to  the  Acrylic  Senes  of  Acids. 

If  the  ethereal  salts  of  the  secondary  acids  of  the  lactic  series 
be  treated  with  phosphorous  chloride,  phosphoric  chloride, 
phosphoric  oxychloride,  or  phosjihoric  anhydride,  the  ethereal 
salts  of  the  secondary  acids  of  the  acrylic  series  are  produced : — 

o  f  C(0,.H2„+i)(CJL,„+i)Ho  pp,  _  J  C(C„H,„+0(C„.H.„.)" 
t  COEto  ^  COEot 

Ethereal  salt  of  lactic  series.  Phosphorous  Ethereal  salt  of  acrylic  scries. 

chloride. 

+  POHHo.,  +  3HC1. 

Pliospliorous  Uydroohloric 

acitl.  acid. 

This  reaction  has  not  yet  been  accomplished  with  the  normal 
acids  of  the  lactic  series. 


LACTIC  ACID. 


143 


A  secondary  lactic  acid  minus  OH2=  an  acrylic  acid.  The 
reverse  of  this  operation  has  not  been  performed. 


LACTIC  ACID. 

J  CMeHHo 
1  COHo  • 


Sp.  gr.  of  liquid  1'215. 

Occurrence. — In  sour  milk,  Sauerkraut,  fluids  of  muscular 
tissue,  gastric  juice,  saliva  of  diabetic  patients.  In  the  acid 
liquor  of  starch-factories,  in  blood,  urine,  tears,  bile,  &c.  It  is 
also  a  general  product  of  putrefactive  fermentation.  The  acid 
contained  in  animal  fluids  \s,  paralactic  acid  (see  p.  14<5). 

Preparation. — By  fermenting  sugar  with  putrid  cheese. 

For  other  processes,  see  pages  147  and  148. 

Its  salts  have  the  following  general  formulae  : — 


Salts  of  monad  metals. 


Salts  of  dyad  metals. 


Isomerism  in  the  Lactic  Series. 


The  synthetical  study  of  the  acids  of  this  series  aflbrds  an 
insight  into  numerous  and  interesting  cases  of  isomerism. 
Commencing  with  the  lowest  member  of  the  series,  we  have 
for  gly collie  acid  the  formula 


H 


O 


II-C— II 


C=0 


O 


H 
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All  iuspectlon  of  this  formula  shows  that  glycollic  acid 
admits  of  no  isomeric  modification,  except  with  a  total  change 
of  type.  The  part  of  the  formula  below  the  dotted  line  repre¬ 
sents  oxatyl,  which  cannot  be  altered  without  sacrificing  the 
acid  character  of  the  compound  ;  there  remains  therefore  only 
the  part  of  the  formula  above  the  dotted  line,  which  admits  of 
the  following  modification : — 

H 

Il—C— IT 
O 


The  acid  represented  by  the  formula  so  modified  no  longer 
comes  within  the  definition  of  the  lactic  series.  It  is  carbo- 
niethylic  acid,  and  differs  essentially  from  glycollic  acid  and 
the  lactic  series  in  general,  inasmuch  as  the  carbon  of  its 
negative  radical,  oxatyl,  is  linked  to  the  carbon  of  the  positive 
radical  by  oxygen*. 


*  Bearing  this  constitution  of  carbomethylic  acid  in  mind,  we  have  only 
to  go  one  step  further  in  order  to  perceive  the  con.stitution  of  carbonic  acid 
itself,  and  the  explanation  of  the  anomalous  basicity  of  this  acid ;  for  if,  in 
the  above  grapliic  formula  for  carbomethylic  acid,  we  replace  the  methyl  by 
hydrogen,  we  have : — 

K 


II— C-IT 

d 

I 

c=o 

I 

o 

It 


II 

• 

I 

o 

I 

c=o 

d 

I 

H 


Carb-omoUiylic  aciil.  Carbonio  aciil. 

It  is  thus  evident  th^t  the  radical  oxatyl,  when  united  with  hj-droxyl,  has 
sulllcicnt  negative  po\vcr  to  produce  a  feebly  dibasic  acid ;  but  inasmucli  as 


.  V  -  - 


ISOMERISM  IN  THE  LACTIC  SERIES. 


145 


There  being  no  declsiv^e  evidence  that  homolactic  acid  differs 
from  glycollic  acid,  experiment  and  theory  both  agree  in 
asserting  that  the  formula  C^H^Og  represents  only  one  acid  in 
the  lactic  series. 

Proceeding  now  one  step  higher  in  this  series,  we  have  in 
the  formula  of  lactic  acid  an  expression  capable  of  the  following 
three  variations  without  quitting  the  lactic  type: — 


No.  1. 

No.  2, 

No.  3. 

H 

1 

H 

1 

H 

H  0 

1 

0 

1 

1 

H— C— H 

1 

1  1 

H— C— C— H 

1  1 

1 

H— C- 
1 

-H 

1 

0 

1  1 

H  C=0 

1 

H— C- 

•H 

1 

H— C— H 

0 

1 

L 

1 

:0 

O 

II 

-o- 

1 

H 

1 

0 

1 

1 

1 

H 

1 

H 

■,  expressed  symbolically : — 

1  No.  1. 

J  ClIeHHo 
t  COHo  • 

JCHgHo 
\  CHg(COHo) 

r  CHgHo 

CH,  . 

icOHo 

No.  3.  , 

f  CH,Meo 
iCOHo  • 

All  the  acids  represented  by  the  above  formidaj  are  known. 
The  first  expresses  the  constitution  of  lactic  acid,  which 

+ 


belongs  to  the  normal  division 


CRBRo)  of  the  series, 
COHo  / 


described  at  page  135 ;  the  second  shows  the  atomic  arrange¬ 
ment  of  paralactic  acid ;  whilst  the  third  represents  methyl- 
glycollic  acid.  The  proof  that  the  first  two  of  these  acids  are 
so  constituted  is  afforded  by  the  synthetic  processes  sometimes 


carbonic  acid  is  not  included  in  the  category  of  organic  acids,  it  forms  no 
exception  to  the  law  that  an  organic  acid  containing  n  soiniinoloculc.s  of 
oxatyl  is  «-basic.  __  ^  .  ,  -  ,  ,  ^ ^  ^ 

i 


VOL.  II. 


t  :•  :  . 
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employed  to  produce  them ;  for  ethylidenic  cyanhydrate  is  con¬ 
verted  by  ebullition  with  potash  into  a  salt  of  lactic  acid, 
whilst  ethyleuic  cyanhydrate  is  transformed  under  similar  cir¬ 
cumstances  into  paralactic  acid.  It  has  also  been  mentioned 
above,  that  paralactic  acid  is  produced  by  the  action  of  phos¬ 
gene  gas  upon  ethylene.  Now  the  formation  of  ethylidene,  or 
rather  of  its  compounds,  scarcely  leaves  a  doubt  that  this  body, 
if  isolated,  Avould  have  the  following  atomic  constitution : — 

H 

H— C— H  or 

H-i, 

it  wonld  consist  of  a  semimolecule  of  methyl  and  an  atom  of 
hydi’ogen,  both  united  with  an  atom  of  carbon  twm  of  the 
bonds  of  which  satisfy  each  other.  Thus  the  formation  of 
ethylidene  chloride  from  aldehyde  and  phosphoric  chloride 
takes  place  as  follows : — 


ICH3 

jCHO 

+  =  {ot’ci,  + 

jUdehyde. 

Phosphoric  Ethylidenic  Phosphoric 

chloride.  chloride.  oxytrichloride. 

the  oxygen  in  the  aldehyde  being  simply  replaced  by  chlorine. 
There  now  only  remains  one  possible  formula  for  ethylene,  viz. 

H 

1 

„  f  CH., 

Ll_j,  »’■  {ch; 

1 

1 

H 

Such,  then,  being  the  constitution  of  ethylidene  and  ethylene, 
it  follows  that  the  former  ought  to  give  rise  to  an  acid  of  the 
constitution  shown  in  formula  No.  1,  whilst  ethylene  should 
produce  an  acid  agreeing  with  formula  No.  2.  The  acids 
actually  produced  from  these  sourees  are  lactic  and  paralactic 
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acids;  hence  No.  1  is  the  constitutional  formula  of  lactic  acid, 
and  No.  2  that  of  paralactic  acid — a  conclusion  which  harmo¬ 
nizes  perfectly  with  all  the  reactions  in  which  the  production 
of  these  acids  can  be  traced.  Thus  in  the  formation  of  lactic 
acid  by  the  oxidation  of  propylic  glycol,  we  have 


f  CMeHHo  ,  ^ 
1  CH,Ho  ^ 

Propylic  glycol. 


r  CMeHHo 
t  COHo 

Lactic  acid.  Water. 


OH.,. 


Again,  in  the  production  of  this  acid  from  ethylidenic  cyan- 
hydrate, 

{  CHHo(CN'")  +KHo-t-OH,=  {  chHo(COE:o)  + 

Ethvlidenio  Potassic  Water.  Potassic  lactate.  Ammonia, 

cyanliydrate.  j  hydrate. 

The  formula  given  for  potassic  lactate  in  this  equation  is  only 
apparently  different  in  type  from  that  previously  used  for  lactic 
acid,  since 

{cHHo(COKo)  ^  CMeHHo(COKo)  =  jcoiS^^ 


In  the  reaction  by  which  chloropropionic  acid  is  transformed 
into  lactic  acid  we  have  the  following  change : — 


f  CMeHCl 
\  COHo 

Chloropropionic 

acid. 


-f  2KHo 

Potassic 

hydrate. 


/  CMeHHo 
\  COKo 


+  KCl  +  OH,. 


Potassic  lactate.  Potassic  Water. 

chloride. 


The  production  of  lactamic  acid  (alanin),  and  that  of  lactic 
acid  from  the  latter  by  the  action  of  nitrous  acid,  are  also 
clearly  confirmatory  of  the  above  .view. 


CO(NvHJ+^^^  +  °^^+H^^= 

Ammonic  Hydrocyanic  Water.  Hydro- 
aldehyde.  acid.  chloric 

acid. 


J  CMeH(N'''H„) 
t  COHo 


-HNH.CI: 


Lactamic  auid.  Ammonic 

(ahuiiii).  clilorido. 


J  CMeH(N"'H.I  -h  NOHo  =  /  CMeHHo 
i COHo  ■  1 COHo 

Lactamic  acid  IfitrouB  Lactic  acid, 

(alanin).  acid. 


+  on,  -h  N,. 

Water. 

L  2 
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Not  the  least  interesting  reaction  illustrative  of  the  consti¬ 
tution  of  lactic  acid  is  the  formation  of  this  acid  by  the  action 
of  nascent  hydrogen  upon  pyruvic  acid : — 

fCOMe  ,  TT  _  /CMeHHo 

jcOHo  +  ^2  -  ^COHo  • 

Pyruvic  acid.  Lactic  acid. 


In  a  similar  manner  it  can  be  demonstrated  that  the  above 
formula  No.  2  expresses  the  constitution  of  paralactic  acid, 
which  belongs  to  the  fifth  or  olefine  division  of  these  acids, 


f  CRHHo  J  cnu 

1  (CH,)';(COHo)  ’• 


1 CEHHo 


[COHo 

That  paralactic  acid  possesses  this  constitution  is  proved, 
first,  by  its  production  from  cyanhydric  glycol — 

r  CH,Ho 


CHJIo 

cii:(CN"') 

Cyanhydric 

^glycol. 


-f-  KHo  -f  OH,  =  CH,  -b 


Potassio 

hydrate. 


Water. 


[  COKo- 

Potassio 

l^aralaetate. 


NH,; 

Ammonia. 


secondly,  by  its  formation  from  phosgene  gas  and  ethylene 
(see  p.  142) ;  and  thirdly,  by  its  conversion  into  malonic  acid  by 
the  oxidizing  action  of  dipotassic  dichromate  : — 

f  CH,Ho  r  OOHo 

\  CH:  +  0,  =  ^  CH,  +  OH,. 

[CORo  [COHo 

Paralactic  acid.  Malonic  acid. 


By  the  action  of  water  upon  the  chloride  of  /3  chlorpropionyl, 
a  body  of  the  composition  of  chloropropionic  acid  is  obtained  ; 
but  inasmuch  as  this  body  yields  paralactic  acid  by  ebullition 
witli  potash,  whilst  chloropropionic  acid  gives  under  the  samo 
circumstances  lactic  acid,  it  follows  that  tbe  former  chloro-aeid 
must  be  isomeric,  and  not  identical,  with  the  latter.  Now^ 
although  tlio  formula  of  propionic  acid  does  not  admit  of  any 
isomer,  yet  that  of  chloropropionic  acid  does,  as  is  seen  in  the 
following  graphic  formula; 
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No.  1. 

H 

I 

H— C— II 

I 

Cl— C— H 

I 

c=o 

I 

o 

I 

H 


No.  2. 

Cl 

I 

II_C-H 
H— i— H 

A=0 


o 

I 

H 


A  comparison  of  these  formula?  with  those  of  lactic  and  para- 
lactic  acids  (p.  145)  shows  at  a  glance  that  No.  1  is  the 
chloropropionic  acid  which  yields  lactic  acid,  whilst  No.  2  is 
iso-chloropropionic  acid,  which,  by  the  substitution  of  its 
chlorine  by  hydroxyl,  must  yield  paralactic  acid.  By  the  action 
of  nascent  hydrogen,  both  isomeric  chlorides  will  obviously 
produce  the  same  propionic  acid. 

The  cause  of  the  isomerism  of  methyl-glycollic  acid  (No.  3, 
p.  145)  is  so  obvious  as  to  require  no  further  explanation. 
Proceeding  to  the  next  higher  stage  in  the  series,  such  is  the 
rapid  increase  of  isomeric  forms,  that  we  now  encounter  no  less 
than  eight  possible  isomers,  all  within  the  lactic  family. 


Normal. 
No.  1. 

J  CEtHHo 
ICOHo  • 


No.  5. 

rCH,Ho 

ICH, 
ICH,  • 
COHo 


Secondary. 

No.  2. 

J  Chle^Ho 
(COHo  ; 

-li. 

Normal  olefine.  \ 


Etherio  normal. 


No.  3. 

CH.,Eto 
COHo  • 

-  C| 


Vws* 


f  Cv { 


No.  6. 

r  CH„Ho 
\  CM'ell . 

[  COIIo 

C.  ci-L/\A,y.j  \ 

I 

ISTV? 


No.  7. 

r  CMellHo 
\  CH., 

[  coiio 

li>-' 


No.  4. 

f  CMellMeo 
(COHo  ,  •. 

Etheric  normal  olefine. 
No.  8. 

r  CH.  Meo 
\  CH.  . 
(COHo 


T  Of  these  acids,  Nofe.  1,  2,  and  3  arc  known.  No.  1  is  oxy- 
butyric  acid ;  No.  2  is  dimethoxalic  acid,  which  is  identical 
with  acetonic  acid.  This  being  the  case,  the  formation  of  the 
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latter  by  the  action  of  hydrocyanic  and  hydrochloric  acids  upon 
acetone  is  easily  intelligible  : — 

{  coke  +  NCH  +  20H.  +  HCl  =  {  +  NH.Cl. 

Acetone.  Hydrocyanic  Water.  Hydro-  Acetonic  or 

acici.  chloric  acid,  dimethoialic  acid. 


The  third  of  the  above  formulae  is  that  of  ethyl-glycoUic  acid. 
Of  the  possible  acids  containing  five  atoms  of  carbon,  only 
two,  viz.  ethometh oxalic  acid  and  valerolactic  acid,  are  known. 
The  cause  of  the  isomerism  of  these  two  acids  is  seen  at  once 
from  an  inspection  of  their  constitutional  formulae : — 


Ethomethoxalic  acid  . 

Valerolactic  acid . . 

Of  acids  containing  six  atoms  of 
are  known : — 


r  CEtMeHo 
1 COHo  • 

f  CPrllllo 
[  COHo  • 

carbon,  the  following  three 


Leucic  acid . 

Diethoxalic  acid 


CBuHHo 

COHo 

CEkHo 
COHo  • 


rCHHo 

Paraleucic  acid  . -j  (C^HJ". 

[  COHo 


The  above  formula  for  lencic  acid  is  founded  upon  a  reaction 
for  the  synthetical  production  of  amidocaproic  acid  from  valeric 
aldehyde  and  hydrocyanic  acid.  Valeric  acid  contains  butyl ; 
consequently  valeric  aldehyde  has  the  constitution  expressed  by 

the  formula  |  qq jj ;  the  reaction  in  question  is  therefore 

explained  by  the  following  equation ; — 


{w(N>H,)+“ai+on,+nci= 

Animonic  Hydro-  Water.  Hydro- 

valeric  aldehyde.  cyanic  chloric 

acid.  acid. 


'Ha)  +Nn^Cl. 

Amidocaproic  acid  Ammonic 

(leucin).  chloride. 


CBuH(N'' 

COHo 
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Sucli  being  the  rational  formula  of  araidocaproic  acid,  its  trans¬ 
formation  into  leucic  acid  by  nitrous  acid  determines  the  con¬ 
stitution  of  leucic  acid : — 


f  CBuH(N"'H,) 
\COHo 

Amidocaproic  acid. 


-f-  NOHo  =  I  +  OH,  +  N,. 

Kitrous  acid.  Leucic  acid.  Water. 


CHAPTER  XIX. 

THE  ACIDS. 

4.  PTBTJTIC  SERIES.  ^  ' 

General  formula . |  ^  ^ 

In  this  formula  n  may  =0. 

The  following  list  contains  aU  the  known  members  of  this  p 

°  ■  •«. 

senes :  — 

f 

Pyruvic  acid  . |  qq^q-  Boils  at  165°. 

Convolvulinoleic  acid...  |  cOHo'^^^^' 

Jalapinoleicacid . |  COHo^^^'°^'  ” 

Eicinoleic  acid  . |  „  0°.  f 

[  COHo  ” 

Pyruvic  acid  only  is  well  known. 

The  first  member  of  this  series  would  have  the  formula 

r  coH 

I  COHo'  believed  to  be  formed  by  the  dehydration 

of  glyoxylic  acid;  but  its  existence  has  not  yet  been  satisfactorily 
demonstrated : — 

CHHo,  r  COH 

COHo'  -  OH,  =  I  COHo- 

Glyoxylic  acid.  Glyoxalic  acid. 

7Ll  Co..  rvCi.e  II'  .  tL 

~u,*o_rCoii  I^J 

Cx>V_U  \^oU  ^  ^ 
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The  aldehyde  of  this  acid,  however,  is  known.  It  is  called 
glyoxal,  and  its  formula  is : — • 

COH 

COH- 

Glyoxal  is  produced  by  the  oxidation  of  ethylic  alcohol  by 

nitric  acid : —  / 

MO-  /COH  , 

CH,Ho  +  O3  -  I  QQjj  +  2PH3. 

Glyosal.  /'  Water. 


Ethylic 

alcohol. 


it.  ■ 


These  acids  are  the  semi-ketones  of  oxalic  acid,  and  they  stand 
in  much  the  same  relation  to  this  acid  as  that  which  acetone 
occupies  with  regard  to  ajiatic-amd : — 

CH,  f  CH3 

COHo '  1  COMe- 

Acetic  acid.  Acetone. 

f  COHo  J  COMe 

\COHo'  tCOHfr'lXj. 

Oxalic  acid.  EyruTio  add. 

The  pyruvic  series  is  also  closely  related  to  the  lactic  series ; 
pyruvic  acid  absorbs  hydrogen  and  is  converted  into  normal 
lactic  acid  •' — 

COMe  ,  TT  _  f  CMeHHo 

COHo  +  -  I  COHo  • 

Pyruvic 


acid. 


Lactic 

acid. 


5.  THE  GLYOXYLTC  SEEIES  OF  ACIDS. 


General  formula...  j  C(C,,no„+,)no3  ^  f 
i  COHo 


In  the  second  formula  n  may  =0. 

The  two  following  acids  of  this  series  are  known : — 

Formula.  Physical  condition. 

Glyoxylic  acid  ...  |  qqjjq'-  Syrupy,  crystalline  hydrate, 
r  CHTIo 


Glyceric  acid  . /  CIIIIo.  Syrupy. 

I  COIIo  ^ 


,  Cla:  ^  rue.- 

Cc^'U.* 
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These  acids  are  trihydric,  but  monobasic,  and  are  related  to 
the  glycerin  series  of  alcohols  in  the  same  way  that  the  mem¬ 
bers  of  the  lactic  series  are  related  to  the  glycols  : — 


f  CH,Ho  I 

CHJlo 

\  CH^Ho-  1 

COHo  • 

G-lycol. 

Glycollic  acid. 

r  CH,Ho 

r  CH,Ho 

^  CHHo . 

CHHo. 

[  CH^Ho 

COHo 

Glycerin. 

Glyceric  acid. 

By  a  reaction  similar  to  that  which  is  believed  to  produce 
glyoxalic  acid  from  glyoxylic  acid,  glyceric  acid  yields  pyruvic 

acid ; — 

f  CH.Ho 

fCH, 

\  CHHo  -  OH,  = 

\  CO  . 

[COHo 

[  COHo 

Glyceric  acid. 

PyniTic  acid. 

CHAPTER  XX. 


THE  ACIDS. 

6.  THE  BENZOIC  OB  ABOMATIC  SERIES  OF 

ACIDS. 


General  formula . . . 


COHo  • 


Formation. — 1.  By  the  oxidation  of  the  aromatic  or 
C„H2„_7Ho  alcohols : — 


/C,H,  .  o  - 

\CH,Ho  +  ^COHo 

Beniylic  alcohol.  Benzoic  acid. 


+  OH.,. 


2.  By  the  oxidation  of  the  aromatic  aldeliydes.  Thus  benzoic 
acid  is  formed  from  benzoic  aldehyde,  or  oil  of  bitter  almonds 
(see  p.  112). 
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3.  By  the  action  of  alkalies  on  the  nitriles  or  abnormal 
cyanides.  Thus  potassic  benzoate  is  formed  by  the  action  of 
potash  upon  Benzonitrile  : — 

{CN“  +  +  OH.  =  +  NH, 

Beazonitrile.  Potasaic  benzoate.  Ammonia. 

4.  By  the  action  of  sodium  and  carbonic  anhydride  on  the 
bromides  of  the  C„Il2„_7  radicals  : — 

C,II,Br  +  Na,  +  CO,  =  { cQ^ao  + 

Phenylic  bromide  or  Sodic  benzoate, 

mouobrombenzol. 


5.  Some  members  of  the  series  are  produced  by  the  oxidation 
of  the  hydrides  of  the  C„H2„_7  radicals : — 

C.Me,H.  +  O,  =  {c0H?‘  +  OH,. 

Dimethyl-benzol.  Toluylic  acid. 


6.  The  acids  of  the  aromatic  series  may  be  obtained  from  the 
mou amines  of  the  series  containing  one  atom  less  of  carbon. 

Thus  Phenylamine,  when  distilled  with  oxalic  acid,  produces 
pheuylformamide : — 

{  COHo  +  “H,(C.H,)=  NH(C.H.)(CH0)  +  on,  +  CO. 

Oxalic  acid.  Phenylamine.  Phenylformamide.  Water.  Carbonic 

anhydride. 

riienylformamide,  by  the  action  of  heat,  gives  water  and 
benzonitrile ; — 

lXrH(C„H,)(CHO)  =  OH,  jgA 

Phenylformamide.  Benzonitrile. 

Benzonitrile,  heated  with  potassic  hydrate,  gives  potassic 
benzoate  and  ammonia: — 


jgA  -f  KHo  -f  OH, 

Benzonitrile.  PotasBio 

hydrate. 


t  COKo  + 

Potassic  Ammonia, 

benzoate. 


^  ,  f  CJI.Me 

Toluylic  acid,  I 

NH,(C„H,.Me). 


,  can  thus  be  obtained  from  toliiidine. 
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The  following  terms  of  this  series  are  known  : — 


Phenoic  acid 
Collinic  acid 
Benzenic  acid 


C,,H3 

COHo 


Melting- 
point. 

.  60°. 

.  97°. 

J  above. ..110°. 


Boiling- 
point.  V 


COHo 

CJIeH, 


121°-4. 


Benzoic  acid  . . 


235°. 

239°. 


Alpha-toluylic  acid . |  qq^^' 


76°-5. 


r  «  Tvr  TT  f  103°  0. 

Xylic  acid^ . |  ^  . \  126°  0. 

-  -  i'K  -  '  '■ 


265°-5. 

273°. 


9h/. 

€X^Lc( 

A4 


d 


Alr>lii  Tvlir*  nf^id  J  ^(CeMeHJHj 

Cuminic  acid  . 


163°0. 

42°-0. 


COHo 


92°0. 


All.  •  fC^EtH, 

Alpha-cymic  acid  . -j  qqjjq  ® 


•tv  4'/  -  PL, .  ■ 


These  acids  have  the  same  constitution  as  those  of  the  acetic 
series,  hut  contain  the  C„Ho„_.,  radicals. 

They  have  been  much  less  studied  than  the  acetic  series  ;  and 
further  investigation  will  probably  bring  to  light  other  series 
holding  towards  them  the  same  relation  as  the  acrylic,  glycollic, 
pyruvic,  and  glyoxylic  series  bear  to  the  acetic  series.  Already 
an  acryloid  acid  of  this  section  is  known  corresponding  to 
alpha-xylic  acid : —  ^ 

/C(C,H,)H,  rC(C,H.)"H  vy 

\COHo  ■  (COHo  •  CJ’ 

Alpha-iylic  acid.  Cinnamic  acid.  ^  ^  f  ‘  \ 


Cinnamic  acid  is  decomposed,  like  the  acids  of  the  acrylic 
series,  when  heated  with  fused  potassic  hydrate  ;  it  gives,  under 
these  circumstances,  potassic  acetate  and  benzoate.  For  the 
analogous  reaction  in  the  acrylic  scries  see  p.  132. 
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Atropic  acid,  obtained  by  the  action  of  alkalies  on  atropine, 
f  C  II 

has  the  formula  1  ,  and  is  isomeric  with  cinnamic  acid. 

I  COHo’ 

Salicylic  acid  (with  which  oxybenzoic  acid  and  par^benzoic 
acid  are  isomeric)  is  the  lactic  acid  of  benzoic  acid  : —  ^ 


;c„H, 

ICOHo 

Benzoic  acid. 


tCOHo  ’ 

Salicylic  acid. 


and  the  oil  of  meadow'-sweet  (Spircea  ulmaria)  is  generally  re¬ 
garded  as  the  aldehyde  of  salicylic  acid. : — 

f  C,H,Ho 

1  con  • 

Oxymetliyl-plienylformic  acid  is  the  lactic  representative  of 
toluylic  acid,  from  wliich  last-named  acid  it  is  prepared.  Its 
constitution  will  be  understood  from  the  following  graphic 
formula : — 

H 


II—C=C 

cn,Ho 

C.H,  = 

COHo  H— ( 

J  c 

H— ( 

)  c 

~C— 0— H 

I 

H 

O 

II 

-C— 0— H 


Oxymethyl-phenylformic  acid. 

The  following  acids  also  probably  belong  to  the  phenyl-lactic 
series : — 


u 

<u 

s 

o 


Melting- 

point. 

153°. 


Cresotic  acid  . |  . 

A  •  •  -1  f  C.H.Meo  Tf.ro 

Anisic  acid . 1  COHo  .  1/5  . 

CHI.Meo 


■n  n  -1  fCHOl 

i  araphlorctic  acid . s  COHo 

Thymotic  acid . 


I  ^loHijO  .200 

\  COHo  . 


\>  y 
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BENZOIC  ACID. 

J  C.H, 

\COHo' 

Molecular  weight  =122.  Molecular  volume  I  I  I.  1  litre  of 
heiizoic  acid  valour  weighs  61  criths.  Fuses  at  121°'4. 
JBoils  at  239°. 

Occurrence. — lu  many  balsams  and  gums.  In  putrid  urine. 
Preparation. — 1.  By  the  oxidation  of  oil  of  bitter  almonds 
(p.ll2). 

2.  By  the  action  of  fused  potassic  hydrate  on  cinnamic 
acid  ; — 


C(C,H„)"H 

COHo 

Cinnamio 

acid. 


+  2KHo  = 

Potaasic 

hydrate. 


/  CH, 

jCOKo  + 


Potassic 

acetate. 


jCOKo  ^ 

Potassic 

benzoate. 


3.  By  boiling  hippuric  acid  with  hydrochloric  acid  : — 


C,H3N03  +  OH., 

Hippuric  Water, 

acid. 


CH,(NH,)  , 
COHo  + 


Glycollamio 

acid. 


C.Hj 

COHo- 

Benzoic 

acid. 


4.  By  the  action  of  oxidizing  agents  on  casein  or  gelatin. 

5.  Prom  gum  benzoin,  by  sublimation,  or  by  extraction  with 
potassic  hydrate  and  subsequent  precipitation  of  the  acid  by 
hydrochloric  acid. 

6.  Styrol  treated  with  a  solution  of  potassic  permanganate 
gives  benzoic  acid  and  carbonic  anhydride : — 

C.H.  +  0.  =  +  CO,  +  OH, 

Styrol.  Benzoic  Carbonic  Water. 

acid.  anhydride. 

Gallic  acid  is  a  tetrahydric  monobasic  acid  of  the  formula 


/  C„H„Ho 
[COHo 


3  _ 


It  may  therefore  be  regarded  as  benzoic  acid  in  which  three 
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atoms  of  hydrogen  have  been  replaced  by  three  semimolecules 
of  hydroxyl. 

Tannic  acid  is  obtained  by  the  abstraction  of  one  molecule 
of  water  from  two  molecules  of  gallic  acid.  Its  constitutional 
formula  is : — 


S  ' 

^  CX:  O  ^ 

C 

,  ^ 
o 

■  l\ 

^  'K  CHAPTER  XXI. 

V'-* 

^  ■  THE  ACIDS. 

DIBASIC  ACIDS. 

General  formula...  A(COHo)3  or  | 

A  and  B  being  dyad  radicals  containing  C„HmOc 

These  acids  all  contain  twm  semimolccules  of  oxatyl ;  and  if 
in  the  general  formula  n,  m,  and  I  =0,  oxalic  acid  will  be  the 
first  term  of  the  series. 

Formation. — Many  of  the  dibasic  acids  are  produced  by  the 
oxidation  of  substances,  the  molecules  of  which  are  richer  in 
carbon,  such  as  oils  and  fats.  Others  are  found  ready  formed 
in  nature. 

Beactions. — 1.  By  the  action  of  dehydrating  substances,  and 
even  sometimes  by  heat  alone,  these  acids  lose  watei’,  forming 
anhydrides : — 


r  COHo 
C,H,Ho, 
•  0 

t  COHo 


f  A(COHo) 
iB(COIIo) 

Acid. 


011  4- 

Water,  Anhydride. 
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2.  If  tlie  anhydride  be  submitted  to  the  action  of  phosphoric 
chloride,  an  atom  of  oxygen  is  replaced  by  two  of  chlorine : — 

f  A(COq  \  pQ,  _  I  A(COCl)  ,  pQQj 
|B(CO^j  +  -  tB(COCl)  + 

Anhydride.  Phosphoric  Chloride.  Phosphoric 

chloride.  oiytricnioride. 


3.  Both  the  anhydrides  and  the  chlorides  are  reconverted 
into  the  acids  by  the  action  of  water : — 


f  A(COCl) 
1  B(COCl) 

Chloride. 


+  20H, 

Water. 


J  A(COHo) 
\  B(COHo) 

Acid. 


+  2HC1. 


Hydrochloric 

acid. 


The  dibasic  acids  may  be  divided  into  the  four  following 
series : — 


1.  Succinic  or  acetoid  series . 

In  the  first  member  of  the  series  m 

2.  Fumaric  or  acryloid  series  . . . . 

3.  Malic  or  lactoid  series  . 

4.  Tartaric  or  glyoxyloid  series 


J  C„H,„(COHo)  . 
-  t  C,„H,„.(COHo)  • 

=0. 

„  ;  C,.K,„_,(COHo) 

•  tCJF,._i(COHo)- 

J  C„Ho„_iHo(COHo) 
\  C„Ho„(COHo) 

r  C„Ho„_iHo(COHo) 

•  t  C„Ho,._iHo(COHo)- 


The  first  and  second  series  are  dibasic  and  diliydric ;  the  third, 
dibasic  and  trihydric ;  and  the  fourth,  dibasic  and  tetraliydric. 


1.  TRE  SUCCINIC  OB  ACETOID  SERIES. 


General  formula . . . 


fCOHo 

C„H,„ 

[  COHo 


or 


f  COHo 

\  . 

I  COHo 


In  addition  to  oxalic  acid  (oxatyl)  whicli  many  clicmists 
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regard  as  the  first  member  of  this  series,  the  following  are 
known : — 

rcoHo 

Malonic  acid  . 4  CH,  .  Fuses  at  140°. 

[COHo 

COHo 
CH. 


Succinic  acid 


CH. 
COHo 


“  .  Fuses  at  180°.  Boils  at  235°. 


r  COHo 

Isosuccmic  acid  . ■{  CMeH.  Fuses  at  130°. 


Pyrotartaric  acid 


[  COHo 
r  COHo 

j  CjHj.  .  Fuses  at  112°.  Boils  at  200°. 
COHo 


rCOHo 

Adipic  acid . ^  CjH,  .  Fuses  at  140°. 

i  COHo 

rCOHo 

Pimelic  acid  . -(  C,H,o .  Fuses  at  134°. 


COHo 
COHo 

Suberic  acid  . ^  C,H,j .  Fuses  at  125°. 

COHo 

COHo 

Anchoic  acid  . ^  .  Fuses  at  11G°. 

COHo 

rCOHo 

Sebacic  acid . -I  CIL. .  Fuses  at  127°. 

I  COHo 

fCOHo 

Eoccellic  acid . i  C^Hj^.  Fuses  at  132°.  Boils  at  200°. 

I.  COHo 

It  is  obvious  tliat  there  may  be  several  modifications  of  each 
of  these  acids.  Thus  there  are  two  succinic  acids,  one  con¬ 
taining  ethylene,  and  the  other  ethylidene  (see  p.  168)  : — 

f  CH^(COHo)  ,  r  CH, 

\CH,(COHo)  lCH(COIIo); 


RELATIONS  OF  THE  SUCCINIC  SERIES. 
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1.  Relations  of  the  Succinic  to  the  Lactic  Series  of  Acids  and  to 

the  Glycols. 

These  acids  are  related  to  the  lactic  series  and  to  the  glycols 
in  the  same  way  as  the  fatty  acids  are  related  to  the  monacid 
alcohols ; — 


r  CH3H0 

J  CH3H0 

/COHo 

t  CH,Ho* 

[  COHo  • 

\  COHo- 

Glycol. 

GlyeoUic  acid. 

Oxalic  acid. 

This  relation,  however,  does  not  strictly  extend  beyond  the 

first  member,  although 

it  may  be  partially  traced  in  the  rela- 

tions  of  malonic  and  adipic  acid  to  paralactic  and  paraleucic 

acid : — 

f  CH  fCH^Ho)  I 
1  ch:ho  •  1 

■  CH^CCH^Ho) 
COHo 

J  CH.(COHo) 
t  COHo 

Jtdbpropylic  glycol. 

?  (Unknown.)  -  /fcr  f>} 

f  C,H,(CH,Ho) 
jCH^Ho  ■  •  * 

Paralactic  acid. 

Malonic  acid. 

f  C^H^CCH^Ho) 

[  COHo 

/  C.H^CCOHo) 
i  COHo 

Unknown  glycol. 

Paraleucic  acid. 

Adipic  acid. 

2. 


Relations  of  the  Succinic  Series  to  the  Dyad  Radicals. 


1.  The  acids  of  the  succinic  series  are  intimately  related  to 
the  dyad  radicals,  the  nitriles  or  abnormal  cyanides  of  which 
are  readily  converted  into  dibasic  acids  by  ebullition  with 
potassic  hydrate  or  hydrochloric  acid : — 


{ c;S:::(CT"'^2iaio+20H,= { 

Abnormal  cyanide  of  Potassio  Water, 
the  dyad  radical.  hydrate. 


C,.H„.(COKo) 

C„tt,„(COKo) 


+2NH3. 


Potassic  salt  of  the  Ammonia, 
dibasic  acid. 


2.  Some  of  these  acids,  when  heated  with  excess  of  caustic 
baryta,  give  up  two  atoms  of  carbonic  anhydride,  yielding  the 
hydrides  of  the  dyad  radicals : — 


rCOHo 
[  COIlo 


=  2CO,  +  (C.HJ"E, 


Suberic  acid. 


VOL.  II. 


Carbonic 

anhydride. 


M 


163 


THE  ACIDS. 


r  COHo 

=  2CO,  +  (CAs)"H,. 

[  COHo 

Sebacic  acid.  Carbonic 

anhydride. 

These  reactions  are  the  analogues,  in  the  dyad  series,  of 
the  process  by  which  marsh-gas  is  obtained  from  acetic  acid. 
The  hydrides  of  the  dyad  radicals  so  obtained  are  isomeric 
with  those  of  the  corresponding  monad  radicals. 

The  elimination  of  carbonic  anhydride  from  a  monobasic 
acid  can  only  take  place  once,  while  from  a  dibasic  acid  it  takes 
place  in  two  successive  stages  : — 


In  the  case  of  a  monobasic  acid, 


{ 

COHo 

=  C„H,„+iH. 

In  the  case 

of  a  dibasic  acid. 

1st  stage 

f  C,.H,„(COHo) 

■  1  C„H3„(COHo) 

-  CO.  =  1 

1  C„H,„+1 
C„H,,. 

[  COHo 

2nd  stage... 

fC„H,„+i 
]  C„H,„ 

[COHo 

-  CO.  =  1 

fC„H,„+, 

IC„H,„+,- 

3.  Relations  of  the  Succinic  to  the  Acetic  Series  of  Acids. 

1.  By  the  loss  of  the  elements  of  carbonic  anhydride,  the 
first  three  members  of  the  succinic  series  are  converted  into 
members  of  the  acetic  series,  containing  one  atom  of  carbon 
less : — 


rcoHo 

[COHo 

Oxalic  acid. 


+  {  COHo- 

Carbonic  Eormio  acid, 

auhydi’ide. 


COHo 

CR,  =  CO,,  -h 
COHo 

Malonio  Carbonic 

acid.  anhydride. 


fCH3 
1  COHo- 


Acetic  aoid. 
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r  COHo 
C,H, 
tCOHo 

Succinic 

acid. 


CO,  + 

Carbonic 

anhydride. 


/  CMeH, 
t  COHo  • 

Propionic 

acid. 


In  the  first  two  cases  the  action  of  heat  alone  is  sufficient 


to  effect  the  transformation ;  but  in  the  third  the  affinity  of 
lime  for  carbonic  anhydride  must  be  superadded. 

2.  Conversely,  the  members  of  the  acetic  series  may  be  con¬ 
verted  into  those  of  the  succinic  containing  one  atom  of  carbon 
more,  by  replacing  one  atom  of  the  hydrogen  in  the  positive 
radical  of  the  acid  by  cyanogen,  and  then  boiling  with  potassic 
hydrate : — 


f  CH„(CN"')  , 

1  COHo  + 

Cyanacctic  acid. 


2KHo 

Potassic 

hydrate. 


f  CH.,(COKo) 
\COKo 

Potassic  malonate. 


+  NH3. 


Ammonia. 


The  conversion  of  formic  acid  into  oxalic  acid,  by  heating 
with  potassic  hydrate,  also  belongs  to  this  class  of  reactions : — 

2  { COHo  +  2KHo  =  +  20H.  +  H, 

Formic  acid.  Potassic  Potassic  Water, 

hydrate.  oxalate. 


SUCCINIC  ACID. 

rcoHo 

CH, 

1  CH,  • 

[COHo 

Fuses  at  180°.  Boils  at  235°.  Dissolves  in  20  parts  of  cold 
water. 

Occv/rrence. — In  amber ;  in  some  kinds  of  lignite ;  in  the 
resin  of  some  kinds  of  pine ;  also  in  many  other  vegetable  and 
animal  substances. 

Formation. — 1.  By  the  action  of  potassic  hydrate  upon  ab¬ 
normal  ethylenic  cyanide  (p.  IGl)  :  this  reaction  proves  tiiat 
succinic  acid  contains  ethylene,  and  that  its  constitutional  for¬ 
mula  is  as  given  above. 
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2.  By  the  oxidation  of  butyric  acid  by  nitric  acid  : — 

r  CEtH, 


1  COHo 


+ 


O3  = 


f  COHo 
COHo 

Succinic  acid. 


I 


+ 


OH,. 


Butyric  acid.  Succinic  acid.  Water. 

The  nature  of  this  reaction  is  more  clearly  seen  with  fully 
developed  formulae,  thus  : — 
fCH, 

CH, 

ICH, 

[COHo 

Butyric  acid. 


+ 


O3  = 


rcoHo 

CH, 

ch: 

^COHo 

Succinic  acid. 


+  OH,. 


Water. 


3.  By  the  reduction  of  malic  acid  by  fermentation,  or  by 
hydriodic  acid  :  — 

rcoHo 


^COHo 

CHHo 

CH, 

COHo 

Malic  acid. 


+  H,  = 


,  CH, 

1  ch: 

[COHo 

Succinic  acid. 


+  OH,. 


Water. 


4.  By  the  reduction  of  tartaric  acid  by  hydriodic  acid : — 


fCOHo 

CHHo 

CHHo 

COHo 

Tartaric 

acid. 


+  4HI  = 


Hydriodic 

acid. 


rcoHo 

ICH, 

1  CH, 

[COHo 


+  20H,  +  21,. 


Succinic 

acid. 


Water. 


It  is  evident  that  this  reaction  is  perfectly  analogous  to  that 
by  which  lactic  acid  is  transformed  into  propionic  acid  (p.  125). 

5.  The  two  isomeric  acids,  fumaric  and  maleic  acids,  are 
converted  by  nascent  hydrogen  into  succinic  acid : — 

fCOHo 

H,  = 


jCOHo 
;cH 
"'ch 


{COHo 

'  COHo 
CH, 
"C  ■ 
COHo 


+ 


+  II, 


I  CH, 

1  ch:  ■ 
[coiio 

Succinic  acid. 

^COHo 
CH, 

ch:  ■ 

^  COllo 

Succinic  acid. 
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6.  By  boiling  etbylic  /3  cyanopropionate  with  solution  of 
caustic  potash : — 


rcN 


m 


■  25^  +  20KH  +  OH,  = 

.  COEto 

nthylio  /3 
cyanopropionate. 


'COKo 

+  HEto  +  NH3. 

[coko 

SiiCL'inic  Alcohol.  Ammonia, 
acid. 


The  two  processes  by  which  succinic  acid  is  generally  pre¬ 
pared  are,  the  distillation  of  amber  and  the  fermentation  of 
calcic  malate. 

Meactions. — 1.  By  distillation,  succinic  acid  splits  almost 
entirely  into  succinic  anhydride  and  water : — 


COHo 

[CO— 1 

C,H,  = 

\  C,H,  0  + 

OH.. 

COHo 

[co - 1 

Succinio 

Succinic 

Water. 

acid. 

anhydride. 

2.  Under  the  action  of  nascent  oxygen  produced  by  electro¬ 
lysis,  succinic  acid  yields  ethylene,  carbonic  anhydride,  and 
water : — 


rCOHo 

-t-  0  =  C.H,  +  2CO,  +  OH,.. 

[  COHo 

Succinio  Ethylene.  Carbonic  Water, 

acid.  anhydride. 


3.  Succinic  acid  may  be  boiled  for  hours  with  concentrated 
nitric  acid  without  suffering  any  change ;  neither  is  it  affected 
by  a  mixture  of  potassic  chlorate  and  hydrochloric  acid ;  but  it 
produces  acetic  acid  when  distilled  with  sulphuric  acid  and 
manganic  oxide. 

4.  Succinic  acid  forms  three  kinds  of  salts,  viz. : — 


Normal. 


COMo 
C,H,  . 
COMo 
CO - , 


C,H,  Mo". 
CO - 1 


Acid. 
COHo 
OJI,  . 
COMo 


Suporacid. 

rcoHo  rcoHo 


C3H,  ,-^aH,  . 

COMo  COHo 
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ISOSUCCINIC  ACID. 


rcoHo 

]  CMeH 
[COHo 


Fuses  at  130°.  Dissolves  in  5'^  parts  of  cold  water. 
Formation. — By  boiling  ethylic  a  cyanopropionate  with  solu¬ 
tion  of  caustic  potash : — 


{  CN"' 

\  CMeH  -b  20KH  +  OH, 
[  COEto 

Ethylic 

a  cyanopropionate. 


fCOKo 

^  CMeH  -f  HEto  +  NH3. 
[COKo 

Succinic  Alcohol.  Ammonia, 
acid. 
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THE  ACIDS. 

2.  FUMAFIC  OF  ACFTLOID  SFFIFS. 

General  formula  •••”  |  c”ll'"~'(COHo)  C»H2„_2(COHo)3. 

In  this  series  there  are  three  isomeric  acids  containing  four 
atoms  of  carbon,  viz. 

Formula. 

Eumaric  acid  1 

Maleic  acid  I . "C''JE(COHo), ; 

Isomaleic  acid ) 

and  three  other  isomeric  acids  containing  five  atoms  of  carbon, 
viz. 

Itaconic  acid  l 

Citraconic  acid  I . '■‘(C3)'’‘H^(COHo)2. 

Mcsaconic  acid  J 

Constitutional  notation  predicts  the  existence  of  a  fourth 
acid  belonging  to  the  four-carbon  group.  The  following  are 
the  four  possible  formula)  for  these  acids : — 


f./vji',, 


A  "  'S  ll 

ISOMERISM  IN  THE  FUMARIC  SERIES. 
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\ 

t-Vu  0 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

H 

1 

H 

1 

H 

H 

1 

1 

0 

1 

0 

1 

0 

-o- 

II 

o 

1 

0=0 

o 

11 

-O- 

1 

H  0=0 

H— 

1 

H— 0— H 

H— 0— 0— H 

Q- 

II 

O- 

1 

1 

^  1 

1  1  \ 

H— cJ 

1 

-o- 

11 

o 

H  0=6 

1 

0=0 

0=0 

1 

0 

O 

I 

H 

{COHo 


I 

O 


H 


H 


H 

COHo 


;CH 
"iCH 


CH, 


{GOHo 


c 

COHo 


rcoHo 
]  C("CH)H. 
[COHo 


rcoHo 
\  CMe". 
[COHo 


Of  these  formulae,  Nos.  1  and  2  represent  fumaric  and  maleic 
acids.  Data  are  still  wanting  to  enable  its  own  particular  for¬ 
mula  to  be  assigned  to  each  of  these  acids ;  but  the  first  two 
formulae  must  belong  to  fumaric  and  maleic  acids,  because  both 
these  acids  yield  succinic  acid  under  the  influence  of  nascent 
hydrogen,  thus ; — 

H 


,  w.  ■ 

■  W  .  \  t 


No.  1. 

0 

iCOHo 

'CH 

"^CH 

fCOHo 

1 

+ 

H.  =  - 

CH, 

CH. 

0=0 

1 

{COHo 

COHo 

-o- 

No.  2. 

r  COHo 

'COHo 

H— C_H 

1 

■ 

CH. 

+ 

H^  = 

CH. 

O 

II 

o- 

c 

CH.; 

1 

.  COHo 

COHo 

0 

1 

/ 

oy ' . 

/  * 

.  i  <  I 

.  *  p  f  >  ■' 

Succinic  acid. 

1 

H 

Sucoinio  acid. 

r 

*  1  v\.  * 

'  ^  HC/ 

L  r . 

t '  t; 

c/. 

Oo  W 

•  H 

0  .  •  . 

V  t 

*.• . 

Ub  ' 

is 

k  » 

M-  c 

1 1 

%  (  f  . 
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That  succinic  acid  contains  ethylene  and  not 

ethylidene  ^  |  is  proved  by  its  formation  from  abnormal 


ethylenic  cyanide  (p.  161)  ;  but  formulae  Nos.  3  and  4  give,  by 
the  addition  of  two  atoms  of  hydrogen,  the  formula  of  isosuc- 
cinic  acid  containing  ethylidene,  thus ; — 


No.  3. 

COHo 

1 

rcoHo 

0 

1 

C(''CH)H  + 

H.  = 

CMeH. 

o 

11 

■o 

w 

COHo 

1 

[COHo 

1  1 

No.  4. 

COHo 

1 

rCOHo 

H— C— C— H 

1  1 

H  C=0 

CMe"  + 

H„  = 

CMeH. 

1 

COHo 

1 

[COHo 

0 

1 

Isosuecinic  acid. 

1 

H 

Isosuccinio  acid. 

Fumaric  acid 

combines  directly  Avith 

bromine,  producin 

dibromosuccinie  acid.  Maleic  acid  also  combines  directly  with 
bromine,  producing  isodibromosuccinic  acid.  The  following 
formulae  show  the  nature  of  this  isomerism : — 


Corresponding  to  No.  1. 


rCOHo 

CHBr 

CHBr 

COHo 


O  H  IT  O 

II  I  I  II 
c— c— c— c 

I  I  I  I 

O  Br  Br  O 

I  i 

II  II 


Corresponding  to  No.  2. 

O  H  Br  O 


fCOHo 

CIT. 

CBr.. 

COlIo 


C— C— C— C 


O  H  Br  O 

I  I 

II  II 


0 

C 
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When  acted  upon  by  nascent  hydrogen,  both  these  isomeric 
bromo-acids  produce,  as  might  be  expected,  the  same  succinic 
acid : — 


COHo 

rcoHo 

CHBr 

CHBr 

+ 

=  ■ 

CH. 

ch: 

+ 

2HBr: 

COHo 

COHo 

Sucoinio 

acid. 

Hjdrobromio 

acid. 

COHo 

rcoHo 

CH, 

CBr, 

+ 

=  ' 

CH, 

CH" 

+ 

2HBr. 

COHo 

COHo 

Succinic 

acid. 

Hydrobromio 

acid. 

Inasmuch  as  formulae  Nos.  1  and  2  belong  to  fumaric  and 
maleic  acids,  it  follows  that  one  of  the  two  remaining  consti¬ 
tutional  formulae  must  be  that  of  isomaleic  acid.  It  is  impos¬ 
sible  at  present  to  determine  Avhich  of  these  formulie  is  to  be 
assigned  to  this'  acid ;  but  in  any  case’  there  can  scarcely  be  a 
<(  doubt  that  isomaleic  acid,  when  treated  with  nascent  hydrogen, 
will  yield  isosuccinic  acid,  as  shown  above. 

Of  a  similar  character  is  the  relation  subsisting  between  the 
isomeric  acids  of  this  series  containing  live  atoms  of  carbon, 
viz.  itaconic  acid,  citraconic  acid,  and  mesaconic  acid.  There 
are  no  less  than  eleven  possible  formula;  for  this  five-carbon 
group  of  acids  ;  but  the  three  individual  formulae  belonging  to 
the  three  known  acids  cannot  at  present  be  determined.  The 
following  four  formulae  will  serve  as  specimens  of  the  whole, 
and  as  illustrations  of  the  cause  of  isomerism  in  these  acids : — 
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No.  1. 

No.  2. 

No.  3. 

H 

1 

H 

1 

H 

1 

1 

0 

1 

1 

0 

1 

1 

0 

1 

1 

c=o 

1 

C=0 

1 

1 

c= 

H— C\ 

1  1 

1 

CD 

w 

1 

-Q- 

1 

1  1 

H— 

1 

H— C— H 

1 

CD 

1 

H— C— H 

1 

H— C— H 

1 

H— C- 

O 

11 

o- 

O 

II 

O- 

o 

li 

o- 

o 

I 

H 

rCOHo 

,',CH 

CH  . 

CH, 

COHo 


O 

I 

H 

COHo 

C 

CH, 

ch: 

^  COHo 


o 

I 

H 

r  COHo 
CII, 

<  "C 
I  CIH 
^  COHo 


No.  4. 

H 

I 

O 

I 

c=o 

I 

H  H— C— H 


i  I 

H  C=0 

I 

o 

I 

H 


fCOHo 
CH, 
CMe”  • 
COHo 


Itacouic,  citraconic,  aud  mesaconic  acids  stand  in  the  same 
relation  to  pyrotartaric  acid  as  fumaric  and  maleic  acids  occupy 
with  regard  to  succinic  acid ;  for,  when  submitted  to  the  action 
of  nascent  hydrogen,  they  all  yield  the  same  pyrotartaric  acid ; 
aud  it  is  therefore  highly  probable  that  the  first  three  of  the 
above  formulie  belong  to  these  acids.  The  formula  of  pyro¬ 
tartaric  acid  is 


Cm 

diCk 

f 

Ceofi- 


(ttfdk 


C  e  C>-  U 

^  ^  j 


A<  ■  ' 


•f  / 


M 


u 


C  f  M  f 
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H 


o 

I 

C=0 


rcoHo 

H— C- 

-H 

CH„ 

1 

<  cii; 

H— C- 

-H 

1  CH, 

1 

l^COHo 

H— C- 
1 

-H 

o 

11 

o- 

I 

O 

I 

H 


Treated  with  bromine,  the  three  acids  yield  three  isomeric 
brominated  acids,  which  are  transformed  by  nascent  hydrogen 
into  the  same  pyrotartaric  acid. 

By  the  action  of  hypochlorous  acid  on  itaconic  acid  and 
subsequent  replacement  of  the  chlorine  by  hydroxyl,  itatartaric 
acid  is  formed : — 


COHo 

rCOHo 

rcoHo 

CH 

CHHo 

CHHo 

CH 

CHCl 

CHHo 

CH, 

CH, 

CH„ 

COHo 

COHo 

^COHo 

Itaconic  acid.  Itatartaric  acid. 


Itatartaric  acid,  by  distillation  at  125°,  gives  carbonic  an¬ 
hydride,  water,  and  pyroitauvic  acid,  which  appears  to  belong 
both  to  the  lactic  and  the  acrylic  series  of  acids. 


rcoHo 

CHHo 


^  CHHo  = 

I  CH, 

i_COHo 


Itatartaric  acid. 


CO,  -H  OH, 


+ 


.,rCHHo 

r^CK 


CH 

COHo 


Pyroitauvic  acid. 
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-  CHAPTER  XXIII. 

< 

1  THE  ACIDS. 

3.  2IALIC  OR  LAGTOID  SERIES. 


G-eueral  formula. 


C„H,„_,Ho(COHo)  J  „ 

C„H,,.(COHo)  I 

Only  two  acids  belougiug  to  this  series  are  known,  viz. 
tartronic  acid  and  malic  acid.  Like  lactic  acid,  they  both  con¬ 
tain  a  semimolecule  of  non-oxatylic  hydroxyl ; — 

H 


JS' 


0  0  0 

II  I  II 
c— c— c 


r  coHo 

Tartronic  acid . -i  CHHo. 

[COHo  I  I  I 

OHO 

-k  '  ' 

-i'  +  ^  -  UU(o>'i) 

Cvp^’i)  CU^o^i) 

4  ,  This  acid  may  be  regarded  as  the  product  of  the  oxidation  of 

glycerin,  although  it  has  not  yet  been  so  produced.  It  is  ob¬ 
tained  by  the  gentle  oxidation  of  tartaric  acid  (p.  175). 


H 


H 


r  ^  »/ 


0 

II 

0- 


H 

I 

0 

I 

-c- 


0 

I! 

-c 


fCOHo 

Malic  acid  . <  CMeHo. 

1 COHo  I  I  I 

O  H— C— H  O 

I  I  I 

H  H  H 

Malic  acid  may  be  viewed  as  the  product  of  the  oxidation 

I  CILHo 

of  the  hitherto  undiscovered  butyl  glycerin,  \  CMeHo. 

I  CH  JIo 

This  acid  is  contained  in  apples,  and  in  many  other  fruits. 


CK 

C 

■i  C 
Cnt 


,voC  •+ 


t>» 


UC-^^ 

t)H 


aiJ. 

Jt  C.~  0  ‘<-  jVt>t 'OK 

On-C-^'  .A'c.C.-oi(, 

o  1+ 
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HO  a.  '  Ok 
CfkC-C’" 


H 
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When  gently  heated  with  potassic  hydrate,  hydrogen  is 
evolved,  potassic  oxalate  and  acetate  being  produced : — 


COKo 

CMeHo 

COKo 

+  KHo  = 

QQ 

oo 

o  o 

+ 

f  ,  JJ 

\COKo  ^ 

Potassic 

Pofcaasio 

Potaaaio 

PotasBio 

malate. 

hydrate. 

oxalate. 

acetate. 

4.  TABTABia  OB  OLYOXYLOID  SEBIES.  ^ 

This  series  contains  at  present  only  two  members  ;  but  these 
have  numerous  isomers,  which  have  been  studied,  however, 
only  in  the  case  of  the  first.  Like  the  glyoxylic  series,  these 
acids  contain  two  semimolecules  of  non-oxatylic  hydroxyl. 


/ 


Tartaric  acid 


fCOHo 

CHHo 

CHHo- 

COHo 


Homotartarlc  or  glyco- 
malic  acid  . 

^  ^  i'll 


^COHo 

CH. 


<: 


CHHo. 

CHHo 

COHo 


There  are  four'‘po^ible  constitutional  formulae  for  tartaric 


acid,  viz.: — 


A. 

rCOHo 

CHHo 

CHHo- 

COHo 


B. 

rCOHo 

CH, 

■  Cffo.  • 
COHo 


C. 

r  CH,Ho 
\  CHo(COHo). 
[COHo 


/  <Lc 

■■K,  •  ci-' 


{ CHHo., 

\  CH(COHo). 
[  COHo 


The  known  varieties  of  tartaric  acid  are  also  limited  to  four, 
viz. : — 

1.  Dextrotartaric  or  common  tartaric  acid,  so  called  from  its 
property  of  causing  the  plane  of  polarization  of  a  ray  of  light 
to  rotate  to  the  right. 


/ 


d  i  /'■ 
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2.  Lsevotartaric  acid,  which  turns  the  plane  of  polarization 
to  the  left. 

3.  Inactive  tartaric  acid,  which  does  not  affect  the  plane  of 
polarization. 

4.  Metatartaric  acid. 

It  has  been  already  shown  (p.  164)  that  dextrotartaric  acid 
yields  succinic  acid  under  the  influence  of  hydriodic  acid, 
whilst  it  has  also  been  ascertained  that  inactive  tartaric  acid 
likewise  produces  succinic  acid  under  the  same  circumstances. 
These  reactions  indicate  A.  and  B.  to  be  the  formulte  of  the 
dextro-  and  inactive  tartaric  acids.  The  formulae  C.  and  D. 
possibly  belong  to  lajvo-  and  metatartaric  acids,  in  which  case 
these  acids,  when  treated  with  hydriodic  acid,  ought  to  yield 
isosuccinic  acid.  Thus — 

r  CH.,Ho 

\  CIl‘o(COHo)  +  4HI  =  20H,.  +  21, 

i  COHo 

r  CH3  r  COHo 

+  \  CH(COHo)  or  ]  CMell. 

[  COHo  [  COHo 

Isosuccinic  acid. 

Racemic  acid  is  a  compound  of  dextro-  and  laevotartaric 
acid.  It  may  he  produced  by  uniting  them,  and  may  again 
be  resolved  into  them. 

Inactive  tartaric  acid  cannot  be  resolved  into  dextro-  and 
Isevo-tartaric  acids. 

It  may  be  obtained  by  the  action  of  water  on  argentic  dibro- 


mosuccinate : — 

rcoAgo 

rcoHo 

- 

CHBr  , 

CHBr  + 

20H, 

=  ■ 

CHHo  , 
CHHo 

2AgBr. 

COAgo 

COHo 

Arcentic  dibromo- 

Water. 

Inactive  tartario 

Al'gentio 

succinate. 

acid. 

bromide. 

The  converse  of  this  reaction  is  the  transformation  of  tar¬ 
taric  acid  into  succinic  acid  by  means  of  hydriodic  acid  (see 
p.  164). 
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Metatartaric  acid  is  produced  by  fusing  dextrotartaric  acid. 
Heactions. — 1.  Dextrotartaric  acid,  when  treated  with 
powerful  oxidizing  agents,  gives  formic  acid. 

2.  Under  the  influence  of  very  gentle  oxidizing  agents,  tar- 
tronic  acid  is  formed : — 


COHo 

CHHo  ,  n 

CHHo  +  ^2  - 

COHo  ' 

fCOHo 
\  CHHo 
[COHo 

+  COj  -h 

OH, 

Tartaric 

Tartronic 

Carbonic 

Water. 

acid. 

acid. 

aabydride. 

3.  Heated  with  fused  potassic  hydrate,  tartaric  acid  gives 
potassic  oxalate  and  acetate,  hut  without  evolution  of  hy¬ 
drogen  : — 


COHo 

CHHo 

CHHo 

COHo 

+  3KHo  = 

JCOKo  , 
\COKo  + 

[  CH, 
\COKo  + 

30H,. 

Tartaric 

Potassic 

Potassic 

Potassic 

Water. 

acid. 

hydrate. 

oxalate. 

acetate. 

OTHER  SERIES  OF  EIBASIO  ACIDS. 

There  is  evidence  of  the  existence  of  other  series  of  dibasic 
acids,  which  may  be  regarded  as  derivatives  of  benzole  or  as  the 
hexacarbon  representatives  of  the  succinic,  fumaric,  and  tar¬ 
taric  series.  The  following  arc  examples : — 

OH  HO 

II  I  I  II 

H— 0— C— C - c— C— 0— H 

C,H^„(COHo),.  H— i— H  H— C— H 

I  I 

H— C - C— H 

H  i 

Heiahydrophthalic  acid  (Hezacarbon-succinio  seriea). 
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C,H,Ho,(COIIo),. 


H  H 

I  I 

0  0  0  0 

II— 0— C— C - C— C— 0— H 

I  I 

II— C— H  H— C— H 

I  I 

H— C - C— H 


II 


II 


Tarti'ophthalio  acid  (Hcxacarbon-tartaric  seriea). 


0 


o 


H— 0— C— C- 


=C— C— 0— H 


C,H,(COIIo),. 


H-C— H  H— C— H 

— i- 


H— C- 


II 


H  H 

Tetrahydi'ophthalic  acid  (Hexacarbon-fumario  series). 


The  existence  of  another  series  of  dibasic  acids  derived  from 
hydrocarbons  of  a  C„IIo„_,3  series  is  indicated  by  the  formation 
of  anthrag^uinonic  acid,  which  is  identical  with  alizarin,  the  chief 
colouring-matter  of  the  madder  root.  By  oxidation,  anthracene 
(CjJIjJ  yields  anthraguinone  (Cj^TIyOo),  which,  when  heated 
strongly  witli  sulphuric  acid,  is  converted  into  disiilphanthra- 
guinonic  acid,  which  has  probably  the  following  constitution  : — 

r  CO(S>^0,Ho) 

\  (c.A)"  ■  . 

[  CO(S>'OJIo) 

When  disulphauthraquiuonic  acid  is  heated  with  potassic 
hydrate  to  a  temperature  of  about  180°  C.,  it  becomes  intensely 
coloured,  and  is  found  to  be  converted  into  potassic  alizarate 
(potassic  anthraquinonate) : — 


TRIBASIC  ACIDS. 


177 


r  co(S!'^o,Ho) 

1 

r  coKo 

(C.H,)''  -h 

[  CO(S‘^0,Ho) 

eOKH  =  ^ 

(C..A)"  -f- 
[  COKo 

2SOKo^ 

Disulphanthraquinooic 

Potassio 

Potassio 

Potassio 

acid. 

hydrate. 

+  40H,. 

alizarate. 

sulphite. 

Water. 


On  the  addition  of  an  acid  to  an  aqueous  solution  of  potas^c 
alizarate,  alizaric  acid  (Cj2Hg(COIIo)2),  identical  in  properties 
with  the  natural  alizarin  of  madder  root,  is  precipitated. 

Anthrajlavic  acid  (Cj2H5(COHo)2),  isomeric  with  alizaric 
acid,  but  possessing  no  tinctorial  properties,  is  usually  simul¬ 
taneously  formed  in  the  above  reactions. 
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THE  ACIDS. 

TBIBASIC  ACIDS. 

The  tribasic  acids  all  contain  three  semimolecules  of  oxatyl. 
They  may  be  divided  into  the  following  three  series,  each  series 
being,  however,  at  present  only  represented  by  one  acid. 

1.  Tricarballylic  or  acetoid  series  : — 

f  CH,(COHo) 

TricarbaUylic  acid  CH(COHo)  . 

I.  CH,(COHo) 

2.  Aconitic  or  acryloid  series  : — 

,JCII(COHo) 

Aconitic  acid  . .  vC(COIIo)  . 

{CH,(COHo) 


TOL.  II. 
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3.  Citric  or  lactoid  series 

Citric  acid  . 


r  CHHo(COHo) 
]  CII(COHo)  . 
i  CH.,(COHo) 


Tricarhallylic  acid  is  trihydric.  It  is  obtained  from  glycerin 
by  replacing  the  hydroxyl  in  the  latter  by  cyanogen,  and  then 
acting  upon  the  tricyanhydrin,  so  formed,  bypotassic  hydrate ; — 

r  CH.,(CN'")  r  CH,/COKo) 

]  CH(CN"')  +  3KHo  +  30H.,  =  ]  CH(COKo)  +3NH,. 
[  CH,(CN"')  ■  [  CH,(COKo) 

Tricyan-  Potaasic  Water.  Potaaaie  tricarb-  Ammonia, 

hydiin.  hydrate.  allylate. 


AconiUc  acid  {equisetic  acid,  citridic  acid)  is  also  trihydric. 
It  is  found  in  the  roots  and  leaves  of  monkshood,  and  may  also 
be  obtained  by  heating  citric  acid.  Aconitic  acid  is  also  pro¬ 
duced  by  the  action  of  hydrobromic  acid  upon  citric  acid,  the 
reaction  taking  place  in  the  two  following  stages  : — 

r  CHHo(COHo)  ('  CHBr(COHo) 

\  CH(COno)  +  HBr  =  ]  CH(COHo)  +  OH, ; 

[  CIH(COHo)  [  CIH(COHo) 

Citric  acid.  Bromotricarballylic  acid.  W^ater. 


r  CHBr(COHo)  ,JCH(COHo) 

]  CH(COHo)  =  iC(COHo)  ^  +  HBr. 

i  CH,(COHo)  tCH,(CO^) 

Bromotricarballylic  acid.  Aconitic  acid. 


Heated  to  1G0°,  aconitic  acid  is  converted  into  itaconic  acid  : — 


„/CH(COHo 
|C(COHo)  = 
lCH,(COHo) 


Aconitic  acid. 


ICOHo 

jCH 

"\CK  -k'  CO,. 
fCH, 

1  COilo 

Itaconic  Carbonic 

acid.  anhydride. 


Citric  acid  is  tetrahydric,  and  contains,  therefore,  like  lactic 
acid,  one  semimoleculc  of  non-oxatylic  hydroxyl.  It  is  found 
in  the  free  state  in  oranges,  lemons,  citrous,  and  many  other 
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fruits,  also  in  the  potato  and  the  onion.  By  the  graduated 
application  of  heat,  citric  acid  yields  aconitic,  itaconic,  and 
citraconic  acids.  At  the  earlier  stage  of  the  decomposition  it 
also  yields  acetone.  Heated  with  fused  potassic  hydrate  it 
gives  potassic  oxalate  and  acetate : — 


r  CHHo(COHo) 

]  CH(COHo)  +4KHo= 
i  CH/COHo) 

Citric  acid.  Potassic 

hydrate. 


COKo 

COKo 


+  2 


I  CH3 
\  COKo 


+  30H,. 


Potassic  Potassic  Water, 

oxalate.  acetate. 


By  being  heated  with  hydriodic  acid,  citric  acid  is  trans¬ 
formed  into  ti'icarballylic  acid : — 

lCHHo(COHo)  rCH,(COHo) 

]  CH(COHo)  -h  2HI  =  j  CH(COHo)  OH,  +  I,. 
[CH,(COHo)  [CH,(COHo) 

Citric  acid.  Trioarballylic  acid.  Water. 

Desoxalic  acid  is  closely  connected  with  citric  acid ;  it  is  hexa- 
hydric,  and  may  be  regarded  as  citric  acid  in  which  two  atoms 
of  non-oxatylic  hydrogen  have  been  replaced  by  hydroxyl.  Its 
constitutional  formula  is  probably 

rCHHo(COHo)  '  ,  .  - 

^  CHo(COHo)  . 

[  CHHo(COHo) 

It  is  obtained  from  the  product  of  the  action  of  sodium  upon 
oxalic  ether. 


TETRABASIC  AND  HEXABASIC  ACIDS. 

Byromellitio  acid  (C3H^(COHo)J  and  mellitic  acid 
(C„(COHoX)  are  instances  of  acids  of  these  degrees  of  basicity  ; 
and  it  can  scarcely  bo  doubted  that  an  intermediate  jientabasic 
acid  will  be  found  to  exist.  The  following  grapliic  formula  of 
mellitic  acid  shows  the  relation  of  this  acid  to  benzol,  and  iudi- 
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cates  the  constitutional  formula;  of  the  other  acids  built  upon 
the  same  type  and  mentioned  below : — 


Mellitie  acid. 

0  0 

II  II 

n— 0— c— c=c— c— 0— H 


o 


0 


H— O— C— C  c— C— 0— H 

I!  II 

H— 0— C— C— C— C— 0— H 

'11  II 

o  o 


Five  out  of  the  six  possible  acids  thus  related  to  benzole  are 
now  known.  Their  names  and  formulae  are  given  in  the  fol- 


lowing  Table ; — 

Benzoic  acid . 

.  C,H,(COHo). 

Phthalic  acid . -i 

1 

Isophthalic  acid  .  1 

Terephthalic,acid . J 

.  C,H,(COHo),. 

Trimellitic  acid . I 

Trimesic  acid  . 

Hemimellitic  acid  . . .  J 

[ .  C,H3(COHo)3. 

Pyromellitic  acid  . ' 

Prehnitic  acid 
Mellophanic  acid 

1 .  C^MCCOHo),. 

/ :  .  Unknown  acid . 

.  C^HCCOHo), 

Mellitie  acid . 

.  C/COHo),. 
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The  anhydrides  are  compounds  obtained  from  the  acids  by 
the  abstraction  of  the  hydrogen  of  their  hydroxyl,  together  with 
sufficient  oxygen  to  form  water. 

Eor  every  two  atoms  of  hydrogen  and  one  of  oxygen  thus 
abstracted  from  hydroxyl,  there  will  obviously  remain  one  atom 
of  oxygen,  which,  as  a  dyad  element,  exactly  satisfies  the  two 
bonds  vacated  by  the  hydroxyl : — 

2Ho  =  OH„  +  0". 

Hydroxyl.  Water. 


On  this  account,  two  molecules  of  a  monohydric  acid  are  re 
quired  to  form  one  molecule  of  anhydride,  thus  : — 

fCMeO 

2CMeOHo  =  j  0  +  OH.. 

[  CMeO 

Acetic  acid.  Acetic  .Water. 

anhydride. 


The  anhydrides  of  those  monobasic  and  dibasic  acids  which 
contain  one  and  two  semimolecules  of  hydi’oxyl  have  alone 
been  investigated. 

They  may  be  divided  into  the  following  classes  : — 


1.  Anhydrides  of  the  CO 
monohydric  mono-<(  O 
basic  acids  .  CO 


In+l 


.C„H2„+1 


^C,.H. 

CO 


and  ■( 


O 

CO 


2.  Anhydrides  of  the 

dihydric  monobasic 
acids  . 

3.  Anhydrides  of  the 

dihydric  dibasic 
acids  . 


c(c„H2,.+0. 

o. 

CO 


cjlTo. 

CO - 1 
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1.  ANIIYDBIDES  OF  TRE  MORORTDBIC 
MONOBASIC  ACIDS. 

These  are  known  only  in  the  acetic  and  benzoic  series. 

They  bear  the  same  relation  to  the  acids  from  which  they 
are  derived  as  that  borne  by  the  ethers  to  the  alcohols. 

The  residues  of  different  acids  unite  to  form  mixed  anhy¬ 
drides  anologous  to  the  mixed  ethers.  Aceto-benzoic  anhy¬ 
dride  is  a  body  of  this  class. 

Formation. — By  the  action  of  the  chloracids,  or  so-called 
chlorides  of  the  monad  negative  radicals,  on  the  potassic  salts 
of  the  acids  : — 

r  c(c„H,„+oo 

C(C„H,„+0OKo  +  C(C„Ho„+0OCl  =  \  O  +KC1. 

i  C(C„H,„+0O 

Potassic  salt.  Cliloraoid.  Anhydride.  Potassic 

chloride. 


Beaction.  In  contact  with  water  they  are  converted  into  the 
corresponding  acids : — 

j'C(C,.H,„+0O 

iO  +  OH..  =  2C(C„H2„+0OHo. 

iC(CJH,.+0O 

Anhydride.  Water.  Acid. 


The  following  is  a  list  of  the  anhydrides  belonging  to  this 


class : — 

Acotic  anhydride  .... 

1  CMeO 
..  0 

1  CMeO 

rc(CE3)o 

or  \  0 

[  0(0113)0 

FuBinp;-  Boiling; 
point.  jioint 

138°. 

Propionic  anhydride . 

O  O 

rc(C.3H,)o 

or  \  0 

[C{CM,)0 

165°. 

Butyric  anliydride . . . . 

r  CPrO 
..  0 

1  CPrO 

r  c(C3H,)o 

or  ■!  0 

1  c(C3n,)o 

-  about  100°. 

• 

Valeric  anhydride  .... 

f  CBuO 

..  o 

1  CBiiO 

fC(C,H„)0 
or  -1  0 

[  C(CJl3)0 

-  about  215°. 
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Fusing-  Boiling- 

point.  point. 

rCAyO  fC(C,H„)0  _ 

Caproic  anhydride . ]  O  or  O 

^  [cAyO  [CCC^HiOO 

r  ccpo  r  C(aHi3)o 

CEnanthylio  anhydride.  I  O  1  2/r.  tt 

[  CCpO  I  C(C3H,3)0 

f  CCC^Hj)©  _ 

Benzoic  anhydride . S  O  . 

[  CCC^H^)© 

rCMeO  ^  ^ 

Acetobenzoic  anhydrides  O  1^0  . 

I  CCCeH^)© 

Caprylic  anhydride  ...]  O  .  below  0°.  about  290  . 

I  c(c,n„)0 

fCCC^H.,)© 

Pelareonic  anhydride.  .sO  .  +o- 

[C{C,S,,)0 

(C{C,,-R,,)0 

Palmitic  anhydride  . . .  s  O  . .  s. 

Ic(C33H300 


2.  ANRTDBIBES  OF  THE  EIRYDBIC 
MONOBASIC  ACIDS. 


Formation. — By  applying  lieat  to  a  cliliydric  monobasic  acid, 
thus : — 


f  CMeHHo 
\COHo 

Lsictio  acid. 


f  CMeHp,  , 
I  CO  ®  + 

Laciide. 

(Lactic  anhydride.) 


OH,. 

Water. 


Beaction. — Boiled  with  water,  and  especially  with  alkalies, 
they  reproduce  the  acids  from  which  they  were  derived : 


f  CMeH^ 
[CO  ^ 

Lactide. 


+  OH, 

Water. 


f  CMeHHo 
\COHo.  • 

Lactic  acid. 
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3.  ANRYDBIBES  OF  TRE  BIRTBBIC 
BIB  ASIC  ACIBS. 

Formation. — By  the  action  of  heat,  or  of  substances  having 
a  strong  affinity  for  water,  upon  the  dihydric  dibasic  acids : — 

rcoHo  rco— n 

^C,H,  =  o  +  OH,. 

[COHo  [CO - 1 

Succinio  Succinic  W'ater. 

acid.  anhydride. 


Beaction. — Like  the  anhydrides  of  the  first  and  second  classes, 
they  unite  with  water,  reproducing  the  acids  from  which  they 
were  derived. 


CHAPTER  XXVI. 


THE  KETONES. 

The  ketones  are  derived  from  the  fatty  acids  by  the  substitu¬ 
tion  of  the  hydroxyl  of  the  latter  by  a  monad  positive  radical ; 
they  thus  resemble  the  aldehydes  in  constitution : — 

fCH,  fCH,  rCH, 

1  COIIo-  1  coir  I  COMe- 

Acetic  Acetic  Acetone, 

acid.  aldehyde. 


Tlie  ketones  may  also  bo  correctly  described  as  compounds 
of  carbonic  oxide  with  monad  positive  radicals,  thus : — 


COMe,. 

Acetone. 


By  the  action  of  nageent  hydrogen  upon  the  ketones,  they 
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t 


are  converted  into  secondary  alcohols,  whilst  the  aldehydes, 
under  the  same  treatment,  yield  normal  alcohols  : — 

rCH,  .  H  - 
I  COMe  +  \  CMeHHo- 

Acetone.  Isopropylio 

alcohol. 

Ketones,  unlike  aldehydes,  do  not  oxidize  spontaneously ; 
neither  do  they  reduce  ammoniacal  solution  of  argentic  oxide. 

Like  aldehydes,  many  of  them  combine  with  hydric  potassic 
or  hydric  sodic  sulphite. 

Formation. — 1.  By  the  action  of  the  zinc  compounds  of  the 
positive  monad  radicals  upon  chloracids  : — 

^{wer'  +  ZnCI, 

Chloracid.  Zinc  compound.  Ketone.  Zineio 

chloride. 


2.  By  the  action  of  sodic  ethide  and  its  homologues  on  car¬ 
bonic  oxide : — 

CO  +  2Na(C„H,,.)  =  { +  Na, 

Carbonic  Sodium  compound.  Ketone, 

oxide. 


3.  By  the  distillation  of  the  salts  of  the  fatty  acids  : — 


ICOKo 

Potaasic  salt 
of  fatty  acid. 


-  tCO(C„H2„+0  + 

Ketone. 


COKo,. 

Potaesio 

carbonate. 


4.  By  distilling  together  salts  of  two  different  fatty  acids,  ke¬ 
tones  containing  two  different  positive  radicals  are  obtained : — 
r  CEtIL  .  J  CH,,  _  J  CEtH,, 


i  COKo  +  i  Coko  ~ 


Fotassio 

butyrate. 


Potassic 

acetate. 


tCOMe 

Propylmethyl 

Ketone. 


+  COKo, 


Potassic 

carbonate. 


5.  Numerous  ketones  may  also  be  produced  by  the  following 
series  of  reactions. 

By  the  action  of  sodium  upon  ethylic  acetate  hydrogen 
becomes  replaced  by  sodium  : — 

-f-  Na  -  JCIINa..  , 

tCOEto  +  -  jeOEto  + 

Ethylic  acetate.  Ethylic  disodaeetatc. 
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The  ethylic  disodacetate  is  acted  upon  by  excess  of  ethylic 
acetate  as  follows : — 


CHNa,, 

COEto 

Ethylic 

disodacetate. 


+ 


COMeEto 

Ethylic  acetate. 


=  1 


COMe 
CHNa 
COEto 

Ethylic  sodaceto- 
acetate. 


+  NaEto. 


Sodic 

ethylate. 


When  ethylic  iodide  is  added  to  ethylic  sodaceto-acetate  the 
following  reaction  occurs  ; — 

r  COMe  f  COMe 

]  CHNa  +  EtI  =  i  CHEt  +  Nal. 

(.  COEto 


Ethylic  sodaceto- 
acetate. 


Ethylic 

iodide. 


i  COEto 

Ethylic  ethaceto- 
acetate. 


Lastly,  ebullition  of  ethylic  ethaceto-acetate  with  potassic 
hydrate  converts  it  into  ethylated  acetone,  alcohol,  and  potassic 
carbonate : — 
rCOMe 

^  CHEt  +  2KHo  = 

[  COEto 

Ethylic  ethaceto-  Potassic 

acetate.  hydi’ate. 


COMe 

CH,Et 

Ethylated 

acetone. 


+  EtHo  +  COKo. 


Alcohol. 


Potassic 

carbonate. 


Ethylated  acetone  is  obviously  acetone  in  which  one  atom  of 
hydrogen  has  been  replaced  by  ethyl. 

A  second  atom  of  hydrogen  in  acetone  may  be  replaced  in  the 


following  analogous  series  of  reactions  :  — 


CIL 


COEto 

Ethylic  acetate. 


+  3Na,  =  2 


CNa, 

COEto 


+  3K 


f  CNa, 

[  COEto 

Ethylic 

trisodacotate. 


+  COMeEto 


Ethylic  trisodacetate. 

(  COMe 
=  i  CNa., 

[  COE'to 


+  NaEto. 


Ethylic 

acetate. 


Ethylic  disodaceto- 
aeetate. 


Sodic 

ethylate. 


rCOMe 
CNa„ 

[  COE'to 

Ethylic  disodaccto- 
acetate. 


+  2EtI  = 


Ethylic 

iodide. 


rCOMe 
\  CEt., 

[  COEto 

Ethylic  diethaoeto- 
acetate. 


+  2NaL 
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{COMe  r  omvTo 

CEt,  +  2KHo  =  cS  W  +  <^OKo,. 

COEto  '■ 

Ethylio  diethaceto-  Potasaio  Diethylated  Alcohol.  Potassio 

acetate.  hydrate.  acetone.  carbonate. 


6.  By  the  action  of  zincic  ethide  on  the  chlorides  obtained 
from  the  dibasic  acids,  ketones  containing  dyad  radicals  are 
produced  ; thus  : — 

Succmylic  chloride  submitted  to  the  action  of  zincic  ethide 
gives  ethylene  die  thy  lie  ketone  : —  C^O  ^  i 

{  COCl  r  COEt  ^  , 

\  (C.,H,)"  +  ZnEt,  =  \  (C.,H,)"  +  ZnCl,.  ..  . 

[  COCl  [  COEt  '  ♦ 

Succinylic  Zincic.  Ethylene  diethylio  Zincic  v 

chloride.  ethide  ketone.  chloride.  t 

The  following  is  a  list  of  the  names,  constitutional  formulae, 
and  boiling-points  of  those  ketones  which  are  best  known ; — 


Acetone 


jCH, 

iCOMe 


Methylated  acetone. 
(^Ethyl  acetyl^  me¬ 
thyl  acetone.')  . 

Dimethylated  ace¬ 
tone.  {Ethyl  ace¬ 
tone.)  . 

Ethylated  acetone  ... 


CMeH, 

COMe" 


CMe,H 

COMe 

CEtH, 

COMe 


_o 

'3 


Propione.  {Ethyl 
C  propionyl.)  . 

Methyl  valeral  . 


CMell, 

COEt 

CPrH, 

COMe 


Ethyl  butyral , 


u 


Diethylated  acetone 
Butyrone  . 


J  CEtH„ 
i  COEt" 

/  CEtJ-r 
tCOMe 
/  CEtH, 
1  COPr 


Boiling- 

point. 

56°. 

81°. 


93°-5 


101°. 

101°. 

120°. 

128°. 

138°. 

144°. 
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Little  Is  known  of  the  ketones  of  the  C„H2„_7  series.  The 
following  have  been  obtained  : — 

Benzoplienone  ^  |  H  ))’  ks^one  of  benzoic  acid,  is 

obtained  by  heating  potassic  benzoate. 

3Iethjl  lenzole  or  methyl  henzoyl  ^  |  H.)} 

by  distilling  together  calcic  acetate  and  benzoate. 

Phthalylic  chloride,  treated  with  zincic  ethide,  produces 
phenylene  diethylic  Tcetone : — 


COCl 

(C.H,)" 

COCl 

Phthalylic 

chloride. 


+  ZnEt,  = 


Zincic 

ethide. 


r  coEt 

\  (C.HJ" 

[  COEt 

Phenylene  di¬ 
ethylic  ketone. 


+  ZnCl. 


Zincic 

chloride. 


CHAPTER  XXVII. 

ETHEREAL  SALTS. 

These  compounds  correspond  to  the  metallic  oxysalts  of  the 
acids. 

The  acids  from  which  they  are  derived  may  be  either  mineral 
or  organic ;  but  the  base  must  always  be  organic.  The  haloid 
ethereal  salts  are  excluded  from  this  family ;  they  have  been 
already  described  as  haloid  ethers. 

The  ethereal  salts  are  produced  by  reactions  analogous  to 
those  employed  for  the  preparation  of  metallic  salts  : — 


CH, 

coiio 

+ 

KHo  =  - 

fcn, 

[  COKo 

+ 

OH,. 

Acetic  acid. 

Potassic 

Potassic 

Water. 

hydrate. 

acetate. 

CH, 

COHo 

+ 

EtHo  =  j 

1  CH, 

^  COEto 

+ 

OH,. 

Acetic  acid. 

Ethylio 

Ethylio 

Water. 

hydrate. 

acetate. 

• 

But  as  the  hydrates  of  the  organic  radicals  do  not  act  upon 
acids  BO  energetically  as  potassic  hydrate,  it  is  often  advisable 


ETHEREAL  SALTS. 


189 


to  employ  the  acid  in  the  form  of  a  potassic  salt,  and  the  radi¬ 
cal  as  a  sulphoacid  ;  thus,  with  acids  of  the  acetic  series : — 


®O.Ho(C„H„.0)  +  {gg|.+.  =  I  SO,HoKo 


Sulphoacid. 


Potassic 

salt. 


Ethereal  salt. 


Hydrio  p 
sulph 


otassic 

ate. 


Monobasic  acids  form  only  one  ethereal  salt  with  each  mono- 
hydric  alcohol ;  and  this  salt  is  always  normal. 

With  dihydric  alcohols  they  each  form  two  ethereal  salts, 
and  with  trihydric  alcohols  three  ethereal  salts.  These  are 
also  normal.  Thus  with  acetic  acid  we  have  : — 


Acetic  salt  of  a  monohydric  alcohol : — 

fCH, 

1  COEto- 

Ethylic  acetate. 

Acetic  salts  of  a  dihydric  alcohol : — 

f  CH^Ho  r  CH,.-0-CMeO 

t  CH,-0-CMe0-  \  CH‘-0-CMeO- 

Monacetic  glycol.  Diaeetic  glycol. 


Acetic  salts  of  a  trihydric  alcohol : — 


r  CH,Ho 
\  CHHo 
[  CH,-0-CMeO 

Monace  tin. 


CH,-0-CMeO 

CHHo 

CH,-0-CMe0 

Diacetin. 


rCH.,-0-CMe0 
^  CH  -O-CMeO. 
[  CH,-0-CMeO 

Triacetin. 


Dibasic  acids  form,  with  monohydric  alcohols,  two  series  of 
ethereal  salts : — 


1.  Acid  ethereal  salts,  as  : — 

Succinethylic  acid . 

2.  Normal  ethereal  salts,  as  : — 

Ethylic  succinate  . 


COEto 
C,ll,  . 
COHo 

COEto 
C.H,  . 
COEto 


In  the  same  manner,  tribasic  acids  form  with  monohydric 
alcohols  three  series  of  ethereal  salts,  the  first  two  of  which  are 
acid,  and  the  third  normal. 
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Prolonged  contact  with  water  generally  decomposes  ethereal 
salts,  liberating  the  radicals  of  the  bases  in  the  form  of  alco¬ 
hols  : — 

SO^Meo,  -f  20H,  =  SO, Ho,  +  2MeHo. 

Methylio  W'ater.  Sulphuric  Methylic 

aulphomethylate.  acid.  alcohol. 

Ebullition  with  potassic  hydrate,  especially  when  the  latter  is 
dissolved  in  alcohol,  effects  this  transformation  very  speedily: — 


CH, 

COEto 

-h  KHo  = 

JCH, 

\ COKo  + 

EtHo. 

Ethylie 

acetate. 

Potassic 

hydrate. 

Potassic 

acetate. 

Ethylie 

alcokol. 

CHAPTEE  XXVIII. 

ORGANIC  COMPOUNDS  CONTAINING  TRIAD  AND  PENTAD  NITROGEN 
OR  THEIR  ANALOGUES. 

This  numerous  family  may  be  divided  into  two  great  classes ; — 

1.  Compounds  of  triad  nitrogen,  phosphorus,  arsenic,  anti¬ 
mony,  and  bismuth. 

2.  Compounds  of  pentad  nitrogen,  phosphorus,  arsenic,  anti¬ 
mony,  and  bismuth. 


I.  COMPOUNDS  OF  TRIAD  NITROGEN  AND  OF 
ITS  ANALOGUES. 


This  class  may  be  again  subdivided  as  follows : — 


Positive. 

1.  Amines. 

2.  Phosphines. 

3.  Arsines. 

4.  Stibiues. 

5.  Bisinuthines. 

6.  Oxybases. 


Neutral.  Negative. 

1.  Amides.  1.  Imides  and 

2.  Alkalamides.  nitrides  of 

3.  Trichlorinated  and  negative 

tribrominated  amines.  radicals. 

4.  Haloid  compounds 

of  oxybases. 


Of  these  the  Aminos  and  Amides  are  the  most  important. 
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Positive  Section. 

1.  THE  AMINES. 

The  Amines  are  commonly  termed  organic  bases  or  artificial 
alkaloids ;  they  are  divided  into — ■ 

A.  Monamines. 

B.  Diamines. 

C.  Triamines. 

D.  Tetramines. 

The  tetramines  have  been  but  little  investigated. 


A.  MONAMINES. 

There  are  three  kinds  of  raonamines  : — 

a.  Primary  monamines. 
j3.  Secondary  monamines. 
y.  Tertiary  monamines. 


a.  Primary  Monamines. 

General  formulae. 

Methyl  or  C„H2n4i  series .  N(C„K,„_|.i)H2. 

Vinyl  or  series  .  N(C„Hl>»-i)1I2- 

Phenyl  or  C„Il2«-7  series .  N(C„II.„__)II^. 

Formation. — 1.  By  the  reduction  of  the  nitro-substitution 
compounds  of  the  hydrides  of  the  positive  radicals  by  sulphu¬ 
retted  hydrogen,  ammonic  sulphide,  zinc  and  sulphuric  acid,  or 
iron  and  acetic  acid : — 

N(C,H,)0,  +  3SH,  =  N(C„H,)H,  -f  20H,  -h  S3. 

Nitrobenzol.  Sulphuretted  Aniline.  Water, 

hydrogen. 

2.  By  treating  cyanic  ethers  with  boiling  solution  of  potassic 
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X- 

liydrate.  Tlie  reaction  is  perfectly  analogous  to  the  decom¬ 
position  of  cyanic  acid  with  potassic  hydrate  : — 


CN’"Ho 

Cyanic  acid. 

+ 

2KHo 

Potassic 

hydrate. 

=  COKO3 

Potassic 

carbonate. 

+ 

NH3. 

Ammonia. 

CN"'Eto 

Ethylic 

cyanate. 

+ 

2KHo 

Potassic 

hydrate. 

=  COK03 

Potassic 

carbonate. 

+ 

NEtH^. 

Ethylamine. 

3.  By  the  action  of  the  haloid  compounds  of  the  monad 
positive  radicals  upon  ammonia,  and  subsequent  action  of 
potassic  hydrate  upon  the  product  so  formed  : — 

NH3  -h  EtI  =  NEtHJ. 

Ammonia.  Ethylio  Ethylammonio 

iodide.  iodide. 

NEtH3l  -h  KHo  =  NEtH^  +  K1  +  OH^. 

Ethylammonio  Potassic  Ethylamine.  Potassic  Water, 

iodide.  hydi'ate.  iodide. 

The  following  are  a  few  of  the  primary  monamines : — 


Methylamine .  NMeH.,  or  N(CH3)II^. 

Ethylamine  .  NEtH^”  or  N(aH3)H3. 

Butylamine  .  NBuH,  or 

Amylami'ne  .  NAyH.,  or 

Allylamiue .  NAUH'  or  N(C3H3)H3’ 


Pheuylamine  {Aniline)  NPhH^  or  NCC^H^)!^. 
Tolylamine  {Tohiidine)  NT0H3  or  N(C|.H^Me)Il3. 

Heactions. — Treated  with  nitrous  acid,  they  evolve  nitrogen 
and  yield  the  corresponding  alcohols : — 

NPhH3  +  NOHo  =  Pbllo  -t-  N3  OH3. 

Pheuylamine.  Nitrous  acid.  Phenylic  Water. 

alcohol. 


ft.  Seeondarjj  Monamines. 

General  formula". 

Methyl  or  series  .  N(C„H3„+i.)3H. 

Vinyl  or  series .  N(C„Ho„_i)3H. 

Phenyl  or  series  .  N(C„Hi.„_7).3H. 
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The  secoudary  monamines  are  derived  from  ammonia  by  the 
replacement  of  two  atoms  of  hydrogen  by  monad  positive 
radicals.  They  are  sometimes  called  Imidogen  bases. 

Formation. — By  the  action  of  the  haloid  compounds  of  the 
monad  positive  radicals  on  the  primary  monamines,  and  subse¬ 
quent  treatment  with  potassic  hydrate : — 

NEtH,  +  EtI  =  NEt.HJ. 

Ethylamine.  Ethylic  Diethylamraonic 

iodide.  iodide. 

NEt^HJ  -1-  KHo  =  NEt^H  +  KI  -f-  OH^. 

Diethylamraonic  Potassic  Diethylamine.  Potassic  Water, 

iodide.  hydrate.  iodide. 

By  using  the  iodide  of  a  radical  different  from  that  already 
contained  in  the  primary  monamiue,  secondary  monamines 
may  be  formed  containing  two  different  radicals,  thus : — 
NPhH^  -h  EtI  =  NEtPhHJ. 


Phenylamine.  Ethylic  Ethylphenylammonic 

(Aniline.)  iodide.  iodide. 

NEtPhHJ  +  KHo  =  NEtPhH  +  KI  +  OH^. 

Ethylphenylam-  Potassic  Ethylphenylamine.  Potassic  Water 

monic  iodide.  hydrate.  (Ethylaniline.)  iodide. 

The  following  secondary  monamines  are  known : — 

Dimethylamine .  NMe^H  orN(CH3)2H. 

Diethylamine  .  NEt.JI  or  N(C2H5)2H. 

Methylethylamine  .  NMeEtH  or  N(CH3)(C,H3)H. 

Dibutylaraine  .  NBu^H  or  N(CA).H. 

Ethylamylamine  .  NEtAyH  or  N(C2Hj)(C5Hjj)H. 

Ethylphenylamine  .  NEtPhH  or  N(aH3)  CC^HJH. 

Piperidine  . N(cXo)"H. 

Conine .  . N(C,HJ''H. 


y.  Tertiary  Monamines. 

Formation. — 1.  By  acting  upon  the  secondary  monamines 
with  the  iodides  of  the  monad  positive  radicals,  and  subse¬ 
quently  treating  the  product  with  potassic  hydrate  : — 

.NEtJI  +  EtI  =  NEt3HI. 

Diethylamine.  Ethj'lio  Triet'ylammonio 
iodide.  iodide. 


TOD.  II. 


O 
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NF^III  +  KHo  =  NEt3  +  KI  +  OH,. 

Triethylammomc  Potassie  Triethylamine.  Potaasio  Water, 

iodide.  hydrate.  iodide. 

By  varying  tlie  radicals,  tertiary  monamines  with  several 
difl’erent  radicals  may  be  formed.  The  following  are  a  few  of  the 
knowu  tertiary  monamines : — 


Trimethylamine  .  NMej  or  N(CH3)3. 

Triethylamine .  NEt,  or  ]M(C,H5)3. 

Tributylamine .  WBu,  or 

Triamylamine  . 

Metbyl-ethyl-phenylamine  NMeEtPh  or  N(CH3)(C,H5)(CgH.). 

Pyridine .  N(03H3)"'.' 

Picoline  .  NCCX)'"- 

Lutidine .  .  N(C,H3)"'. 

Collidine .  N(C3Hjj)"'. 

Parvoline  .  N(C3Hj3)’". 


The  constitution  of  the  triad  radicals  contained  in  the  last 
five  bases  is  not  known. 

2.  Wlien  phenylammonic  chloride  (aniline  hydrochlorate)  and 
methylic  alcohol  are  digested  together  at  from  280°  to  300°, 
the  non-phenylic  hydrogen  becomes  replaced  by  methyl, 
thus : — 

NPhir3Cl  +  Mello  =  NPhMeHXl  +  OH,. 

Plienylnmnionic  Methylic  Methyli>henylainiuonic 

cliloride.  alcohol.  cliloritle, 

NPliMellXl  +  Mello  =  NPhT^IeJICl  +  OH,. 

Methylphenylammonic  Mtdhylio  Dimcthylphcnylaniniome 

chloride.  alcohol.  chloride. 

By  continuing  the  digestion  longer,  the  plienylic  hydrogen  is 
also  replaced  by  methyl  according  to  the  following  reaction : — 

N(C„H,)MeJICl  +  MoHo  =  N(C, IT, ]\ro)McJTCl  +-  OH,. 

DiinethylpluTiylammonic;  Jlidliylio  Dimetliyltolylammonio 

cldoi-idc.  aleoliol.  chloride. 
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By  these  reactions  the  following  tertiary  monamines  have 
been  produced : — 

Dimethylaniline .  N(C|,]T5)Me2. 

Dimethyltoluidine .  ]Nr(C„HjMe)Me2. 

Dimethylxylidine  .  ]M(CgIT3Mc2)Me2. 

Dimethylcumidine .  N(C3H2Me3)Me2. 

Dimethylcymidine .  N(C3HMeJMe2. 

The  final  product  which  may  he  expected  to  result  from  this 
reaction,  N(C  3lIe5)Me3,  has  not  yet  been  obtained. 

Tertiary  monamines,  when  acted  upon  by  the  iodides  of 
monad  positive  radicals,  yield  iodides  which  are  not  decomposed 
by  potassic  hydrate.  In  this  manner  tertiary  monamines  may 
he  distinguished  from  primary  and  secondary  monamines.  The 
three  may  be  distinguished  from  each  other  by  the  alternate 
action  of  ethylic  iodide  and  potassic  hydrate  :  thus,  as  we  have 
just  seen,  tertiary  monamines  are  recognized  by  producing  im¬ 
mediately  iodides  which  are  not  decomposed  by  potassic  hy¬ 
drate  ;  a  secondary  monamine,  however,  produces  an  iodide 
decomposable  by  potassic  hydrate ;  but  the  base  thus  liberated 
is  tertiary,  and  will  therefore  be  transformed  immediately  into 
the  stable  iodide  by  a  second  application  of  ethylic  iodide.  A 
primary  monamine  requires  three  applications  of  ethylic  iodide 
and  potassic  hydrate  to  produce  the  same  result. 


B.  DIAMINES. 

Formation. — The  diamines  are  formed  by  coupling  together 
two  atoms  of  nitrogen  in  two  molecules  of  ammonia,  or  of  a  pri¬ 
mary  or  secondary  monamine,  by  a  dyad  radical,  which  at  the 
same  time  takes  the  place  of  two  atoms  of  hydrogen ;  thus : — 


fNH^ 

fNII 

fN 

r  NEt" 

^  Et"  . 

i  Bt",.. 

■^Et''  or 

-^Et"  . 

i  NH, 

[nil 

In 

[NEt” 

Primary  Si'condary  Tertiary  dinniino. 

diamine.  dianiinc*. 


o  2 
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This  reaction  is  effected  by  treating  ammonia  or  a  primary 
or  secondary  monamine  with  the  haloid  salt  (preferably  a  bro¬ 
mide)  of  the  dyad  radical,  thus  : — 

rNH3Br 

2NH3  -f  Et"Br,  =  ^  Et"  . 

1  NH3Br 

Ammonia.  Ethylenic  Ethylene-diammonic 

dibromide.  lUbromide. 


When  the  salts  of  etbylene  diammonium  are  decomposed  by 
potassic  hydrate,  an  oxide  of  the  compound  nitrogenous  radical 
is  produced,  thus  : — 


r  NH3Br 

\  Et"  +  2KHo 
[  NH3Br 

Ethylene-diam-  Potassic 

monic  dibromide.  hydrate. 


f  NH3-^ 

^  Et"  O  -f  OH„  +  2KBr. 

i  NH3-J 

Ethylene-diam-  Water.  Potassic 

monic  oxide.  bromide. 


In  this  respect  most  of  the  diamines  differ  from  the  monamines. 
Urea  and  its  derivatives  belong  to  the  class  of  diamines. 
These  compounds  are  produced  by  boiling  a  solution  of 
ammonic  cyanate  or  ethylammonic  cyauate,  or  a  homologue  of 
the  latter.  In  these  compounds,  the  two  atoms  of  nitrogen 
are  held  together  by  the  dyad  radical  carbonyl,  CO : — 

fNH, 

<  CO  . 

[NH3 

Urea. 

fNHEt 

<  CO  . 

INH3 

Ethyl  urea. 

By  heating  ammonic  cai'bonate  to  130°-140°  in  closed  vessels 
for  a  few  hours,  urea  is  produced : — 

[  Nir^ 

CO(NILO)„  =  ^  CO  +  20H.. 

i  Nil, 

Urea. 


CN"'(N'Hp) 

Ammonic  cyanate. 


0 


CN'"(N‘<EtH.O) 

Ethyl-ammonic 


Ammonic  carbonate. 


Water. 


UREA. 
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Ureas  m  whicli  ethyl  and  other  monad  positive  radicals  arc 
substituted  for  hydrogen  may  also  be  obtained  by  the  action  of 
ammonia  or  a  monamine  on  the  cyanic  ethers,  thus : — 


CN'"Eto 

NH,  =1 

NHEt 

CO  . 

NH, 

Ethylic 

cyanate. 

Ammonia. 

Ethyl  urea. 

CN'"Eto 
-i - 

+ 

NH.Et  = 

fNHEt 
\  CO  . 
[NHEt 

Ethylic 

cyanate. 

Etliylamine. 

Diethyl  urea. 

Reaction. — Urea  is  decomposed  by  nitrous  anhydride : — 


NH, 

C0‘ 

+  N,03 

=  CO,  -h  2N, 

-b  20H,, 

NH, 

Urea. 

Nitrous 

Carbonic 

Water. 

anhydride. 

anhydride. 

The  following  is  a  list  of  the  best-known  diamines  : — 


fNH, 

Ethylene  diamine  . i  Et"  . 

1  nh, 

[  N lIEt 

Ethylene  diethyl  diamine  . t  Et" 

NHEt 


Urea 


Sulphur  urea 


Ethyl  urea 


NH.. 

CO". 

Nil,, 

Nil,, 

CS"'. 

Nil, 

NIlEt 

CO 

Nil,, 

NIIPli 
CS"  , 
Nil., 


Sulphophenylurca 
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C.  TBIAMINES. 


To  this  class  of  organic  bases  belong  many  of  the  aniline 
colours  and  their  derivatives.  Ilauveine  was  the  first  discovered 
of  these  bodies ;  it  is  obtained  by  the  action  of  concentrated 
sulphuric  acid  and  red  potassic  chromate  upon  aniline.  It  is 
also  produced  by  heating  the  coloured  product  obtained  by  the 
action  of  a  solution  of  bleaching  powder  upon  aniline.  The 
molecular  formula  of  inauveiue  is 


It  is  probably  a  tetramine  with  the  constitution  shown  in 
the  following  formula : — 


BosaniUne  is  obtained  from  a  mixture  of  aniline  and  tolui- 
dine  by  the  action  of  vai'ions  reagents,  such  as  carbonic  chloride, 
stannic  chloride,  mercuric  chloride,  ferric  chloride,  cupric  chlo¬ 
ride,  the  sulphuric  and  nitric  salts  of  tin  and  mercury,  and, 
lastly,  arsenic  acid  which  has  superseded  all  other  reagents  for 
the  technical  preparation  of  the  salts  of  this  base. 

By  the  replacement  of  hydrogen  in  rosauiline  by  positive 
radicals,  other  bases,  forming  with  acids  valuable  colouring- 
matters,  are  produced. 

The  following  is  a  list  of  the  best-known  of  these  bases ; — 


Phenyl  rosaniliue,  the  base  1  tvp  /p  tt  N-z/p  tt  m  tt 
■  of  dahliue  . J 


N3(CJI,)"(aiI,)''.,(CJL)3. 
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Trietliyl  rosaiiiline,  the  base 
of  Hofmann’s  violet  . 


Cbrysaniline,  Nicholson’s  1  q  jj 
yellow . J  ® 

LeukanUine  .  NgC^gH^i. 


Rosaniline  appears  to  be  formed  by  the  abstraction  of  three 
molecules  of  hydrogen  from  one  molecule  of  aniline  and  two 
molecules  of  toluidine,  thus  : — 

N(C„K)H,  +  2N(C,H,)H,  -  3H,  =  N3(C„H,)"(C,HJ';H3. 

Aniline.  Toluidine.  Rosaniline. 


The  phenyl  derivatives  of  rosaniline  are  produced  as  salts  of 
hydrochloric  acid  by  heating  rosaniline  hydrochlorate  with 
various  proportions  of  aniline,  thus  :  — 


Rosaniline  hjdroclilorate. 


NPhH^  = 

Aniline. 


‘'(N3)^>(C3H3)"(C,H3)"3Phn3Cl 

Phenyl-rosaniline  hydroehlorate. 


+  NII3. 

Ammonia. 


"'(N3)’'^(C„Pl3)''(CJl3)"3H3Cl  + 

Rosaniline  hydroehlorate. 


2NPhIT3  = 

Aniline. 


‘''(N3)-(C,H.)"(C,H.,)"3PhJl3Cl 

Diphenyl-rosaniline  hydroehlorate. 


+  2Nir3. 

Ammonia. 


Rosaniline  hydroehlorate. 

‘'(N3)>‘'(CJI.)”(C.H„)"sr>ia1ICl 

Triphcnyl-rosaniline  hydroehlorate. 


SNPhiP  = 

Aniline. 


+  3Nir3. 

Ammonia. 


The  salts  of  tritolyl  rosaniline  arc  formed  by  analogous 
reactions. 

Triethyl  rosaniline  is  obtained  by  heating  to  100°,  in  a 
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close  vessel,  rosauiline  ■with  ethylic  iodide  dissolved  in  al¬ 
cohol  : — 

N3(C,HJ''(C,H,)",H3  +  3EtI  = 

Eoaaniline.  Ethylic  Triethyl  rosaniline. 

iodide. 

-h  SHI. 

Hydriodio 

acid. 

Trimethyl  and  triamyl  rosaniline  are  obtained  by  analogous 
processes. 

Chrysaniline  is  formed  as  a  secondary  product  in  the  manu¬ 
facture  of  rosaniline. 

^  Leukaniline  is  produced  by  the  action  of  zinc  upon  an  acid 
solution  of  rosaniline  : — 

N3C,„H,  +  H3  =  H3C33H3, 

Rosaniline.  Leukaniline. 


OTREB  AMINES. 

1 

Subjoined  are  the  names  and  formulm  of  a  number  of  organic 
bases  which  cannot  at  present  be  satisfactorily  classified : — 

Gruanine  .  C.H.N.O. 

0  5  5 

Guanidine . 

H  H 

1  I 

N— C— N 

I  I!  I 

II  H  11 

I 

II 

Eurfurine .  C,5lI,.3N.,03, 

Amarine  . 

Thialdine  .  G^aNS^ 

Dibutyraldine  .  C3IIj.NO. 

Acridine  .  C^jIIj^Nj.. 


or  C(NII)''Ad.3. 


ol 
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Me— C=N— N=C- 
\  / 

N 


Cyanmethine  ...  ’‘(N3)‘’'(CMe)"'3 


C 

I 

Me 


-Me 

r  j  ^ 


A/^ 

'  f 


Et— C=N— N=C- 

\  / 

N 


-Et 


Cyanethiuc .  -(N3y’‘(CEt)'"3 


C 

I 

Et 


TEE  NATURAL  ALKALOIDS. 


/  C-4^‘J'r  Ci 

i  Cm. 

Irt  ■^cL^ 

f..d- 

y( 


Of  the  constitution  of  these  organic  bases  very  little  is 
know'n.  The  following  is  a  list  of  the  chief  of  them,  with  the 
sources  w'hence  they  are  derived  : — 


Alkaloids  from  Opium. 


j\  (/IM  I 


K 


Hydrocotarnine  . 

C>.H33N03. 

Morphine . 

C,,H,3N03. 

Codeine . 

C,H3,N03,  OH3. 

Thehaine  . r . 

C,„H33N03. 

Protopine  . 

C.„H,3N03. 

Papaverine  . 

C,oH3,NO,. 

Cryptopine  . 

C33H33N03. 

Laudanosine . 

C,H3,N0,. 

Narcotine . 

C.3H,3N0,. 

Narceine  . 

C,3H33N03. 

From  Cmckona  Dark. 

Quinine . 

C3JI3.N303. 

Cinchonine  . 

C^^H^^N^O.  yV 

Aricine . 

C..H,.N,0, 

1  k^.j  /  !  /  ^ 

It.  i  ■'  ;  IX^  •i-'  'r  p  i'  >  i'-o  . 

c\  V  '' 

...  C-C/' 

■  *  /■ 
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Atropine  . . 

From  Nightshade. 

C.A3NO3. 

Nicotine  .. 

From  Tolacco. 

Strychnine 

From  Nux  vomica. 

Brucine . 

From  Tea,  Coffee,  and  Cocoa. 

Theobromiue  . 

Caffeine  {Tlieine) . 


2,  3,  4.  TRE  PROSPRINES,  ABSIKES,  8TIBIRES, 
AND  PISMUTRINES. 

The  bases  containing  pbospborus  may  be  obtained,  like  the 
amines,  by  the  displacement  of  hydrogen  in  phosphuretted  hy¬ 
drogen.  The  tertiary  compounds  only  of  arsenic,  antimony, 
and  bismuth  are  known ;  and  they  are  produced  by  reactions 
of  which  the  following  may  be  regarded  as  a  type  : — 

AsNaj  -f-  3EtI  =  AsEtg  -|-  3NaI. 

Sodic!  Ethylio  Triethyl  Sodio 

arsenide.  iodide.  arsine.  iodide. 

Primary  and  secondary  phosphines  are  obtained  by  the 
action  of  methylic  or  ethylic  iodide  and  ziucic  oxide  upon  phos- 
phonic  iodide.  With  ethylic  iodide  the  following  reactions 
occur : — 

2PHJ  +  2EtI  -k  ZnO  =  2PEtn3l  -f  ZnL  -t-  OH,. 

Phosphonio  Ethylio  Ethyl-  Water, 

iodide.  iodide.  phosphonio 

iodide. 

2Pnj  +  4EtI  +  3ZnO  =  2PEt.JI(ZuI)I  -p  30H,  -p  ZnL. 

Phosphonio  Ethylio  Diethyl-phos-  Water. 

iodido.  iodide.  phouie  zincio 

iodide. 
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These  reactions  take  place  side  by  side ;  but  the  primary  and 
secondary  phosphines  are  readily  separated  from  each  other  by 
the  consecutive  action  of  water  and  alkalies  upon  the  products 
of  the  above  operation. 

The  addition  of  water  to  the  mixed  product  liberates  the 
primary  phosphine  from  its  compound,  whilst  the  compound  of 
the  secondary  phosphine  resists  even  boiling  water,  but  easily 
decomposes  under  the  influence  of  alkalies. 

The  tertiary  phosphines  are  produced  by  the  action  of  the 
zinc  compounds  of  the  monad  positive  radicals  upon  phospho¬ 
rous  chloride : — 

3ZnEt,  -f  2PCI3  =  2PEt3  -f-  SZnCl^. 

Zincic  ethide.  Phosphorous  Triethyl  Zincic  chloride, 

chloride.  phosphine. 

They  may  also  be  obtained  in  combination  witli  hydriodic 
acid  by  the  action  of  phospkonic  iodide  upon  the  alcoliols : — 

PH,I  -p  3EtHo  =  PEt3HI  +  3OH3. 

Phosphonic  Ethylio  Triethyl-  Water, 

iodide.  alcoliol.  phosphonic 

iodide. 

By  the  action  of  alkalies  upon  triethyl-phosphonic  iodide 
triethyl  phosphine  is  liberated : — 


PEt3HI  -p  KHo  = 

PEt3  -P  KI 

+  OH3. 

Triethyl- 

phosphonio 

iodide. 

Triethyl- 

phosphine. 

Water. 

The  following  Table  contains  the  names  of  the 

known  phi 

lines,  arsines,  and  stibines : 

— 

Priinarj/  Phosphines. 

Methyl  phosphine  . 

Formula. 

Boilinp;-point. 

.  PMeir^ . 

.  -14°. 

Ethyl  phosphine  . 

.  PEtl-I, . 

.  25°. 

Secondary  Phosphines. 

Dimethyl  phosphine  . 

.  PMeJI . 

25°. 

Diethyl  phosphine  .... 

.  PEt^k  . 

85°. 
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Tertiary  Phosphines. 

Formula.  Boiling-point. 

Triinethyl  phosphine  .  PMog  .  41°. 

Ti’iethyl  phosphine .  PEtj .  127°’5. 

Tertiary  Arsines. 

Triraethyl  arsine .  AsMej .  120°. 

Triethyl  arsine .  AsEtj  .  140°. 

Tertiary  Stihines. 

Trimethyl  stihine  . .  SbMeg  .  . 

Triethyl  stihine  .  SbEt,  .  158°. 

Triamyl  stihine  .  Sl^Ayj  .  . 

Tertiary  Bismuthine. 

Triethyl  bismuthiue  .  BiEtj  .  . 

Character. — The  phosphines,  arsines,  stibines,  and  bismuth- 
ines  possess  very  energetic  affinities  for  negative  elements. 
Many  of  them  are  spontaneously  inflammable  in  air  and  oxygen. 
Most,  probably  all,  unite  with  an  atom  of  oxygen  or  a  molecule 
of  chlorine,  bromine,  or  iodine,  forming  compounds  in  which  the 
grouping  element  becomes  pentadic.  Thus,  by  the  absorption 

of  oxygen,  triethyl-phosphine  is  transformed  into  phosphoric 
triethoxide : — 

PEtj  +  0  PEt30. 

Triethyl-  Phosphoric 

phosphine.  triethoxide. 


5.  OXYBA8ES. 

These  compounds  arc  only  knoAvn  in  the  arsenic  series. 
Arsenious  oxyhases. 

Only  one  of  these,  cacodylic  oxide,  has  been  carefully  inves¬ 
tigated. 
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By  tlie  distillation  of  potassic  acetate  with  arsenlous  anliy- 
dride,  a  compound  known  as  cacodyl,  'As''2Me^,  is  produced. 
This  substance  may  also  be  prepared  by  the  action  of  methylic 
iodide  upon  an  alloy  of  sodium  and  arsenic  containing 
'As",Na,:- 

'As'',Na,  +  4MeI  =  'As'',Me,  +  4NaT. 

Sodio  Methvlio  Cacodyl.  Sodio 

arsenide.  iodide.  iodide. 

By  allowing  cacodyl  to  absorb  oxygen  slowly,  an  oily  liquid 
containing  cacodylic  oxide  (As.^Me,0)  is  formed. 

This  oxybase  does  not  appear  to  unite  with  oxygen  acids, 
but  it  is  attacked  by  hydrochloric  acid,  forming  cacodylic  chlo¬ 
ride  : — 


fAsMe, 

\  0  +  2HC1  =  2AsMe,Cl  +  OH,. 

[  AsMe, 

Cacodylic  Hydrochloric  Cacodylic  Water, 

oxide.  acid.  chloride, 

Cacodylic  oxide,  when  exposed  to  moist  air,  absorbs  water 
and  oxygen,  forming  cacodylic  acid  : — 

As,Me,0  +  0,  -f  OH,  =  2AsMe,OHo. 

Cacodylic  Water.  Cacodylic 

oxide.  acid. 


CHAPTER  XXIX. 

ORGANIC  C03IP0VNDS  OF  TRIAD  NITROGEN 
AND  OF  ITS  ANALOGUES  {continued). 

Neuteal  Section. 

1.  THE  AMIDES. 

These  compounds  arc  formed  by  the  substitution  of  amidogen 
(NHj)  for  the  oxatylic  hydroxyl  of  organic  acids.  They  are 
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most  convenieutly  written  on  the  diadeiphic  type,  but  may  also 
be  formulated  upon  the  ammonia  type. 

If  the  acid  contain  only  one  semimolecule  of  oxatyl,  a  mona¬ 
mide  is  the  result ;  if  two  semimolecules  of  oxatyl  are  present 
in  the  acid,  a  diamide  is  generally  formed,  &c.  Secondary  and 
tertiary  compounds  can  also  be  produced,  as  in  the  case  of  the 
amines  ;  but  they  belong  to  the  negative  section  of  this  family. 


A.  IIONAMIBES. 


I.  Frimcmj  Ilonamitlcs. 

Acetamide : — 

{  Nh"°  ”  WII/CMeO),  01-  { 
Cbloracetamide : — 


or  NIL[C(Cn,Cl)0],  or 


CH,C1 

COAd- 


Beuzamide : — 

{  NIIIC(C,n.)0].  or 


C.H. 

COAd- 


Formation.— 1.  By  the  distillation  of  the  ammonic  salts  of 
the  monobasic  acids  : — 


fCII,  _  fCII,  ,  OTT 

tco(N''Hp)  “  \co(N"'ig 

Ammonic  Acetamide.  ater. 

acetate. 


2.  By  tlie  action  of  ammonia  upon  the  cbloracids : — 

{coci  +  ""  {co(N"'ig 

Aei'tylio  Ammonia.  Acetamide.  Hydrochloric 

chloride.  acid. 
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3.  By  the  action  of  ammonia  on  the  ethereal  salts  of  tlie 
monobasic  acids : — 

{ COEto  +  ""  { CO 

Ethvlic  Ammonia.  Acetamide.  Alcohol, 

acetate. 

Beactions. — 1.  Boiled  with  aqueous  solutions  of  acids,  the 
primary  monamides  yield  amnionic  salts  and  acids : — 

■  CO^N"H.)  +  HCl  +  OH.  =  NH.Cl  +  { 

Acetamide.  Hydrochloric  Water.  Ammonio  Acetic 

acid.  chloride.  acid. 

2.  Boiled  with  potassic  hydrate,  ammonia  is  evolved,  and 
a  potassic  salt,  corresponding  to  the  amide,  is  formed. 

{§0(N'"H.)  +  KHo  =  NH.  + 

Acetamide.  Potassic  Ammonia.  Potassic 

liydrate.  acetate. 

II.  Secondari/  Monamicles. 

Diacetimide  ...  N(CMeOXH  or  NH  . 

i  CO 
^  CH, 

r  rco  1"  rco-, 

Succinimide .  NHN  C.,!!,  I  or  ^  Et"  (N"'H)''. 

L  [  CO  J  i  co-i 

These  bodies  possess  a  negative  character,  and  are  treated  of 
under  the  negative  section  of  this  class  as  imides  of  negative 
radicals  (p.  210). 

Tertiary  monamides  are  little  known.  They  are  the  nitrides 
of  negative  radieals  (see  p.  210). 


B.  BIAMIDJES. 

The  diamides  may  be  regarded  as  derived  from  two  molecules 
of  ammonia,  by  the  substitution  of  a  dyad  negative  radical  for 
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two  atoms  of  hydrogen ;  or  they  may  be  considered  to  be  formed 
by  the  substitution  of  amidogeu  for  the  hydroxyl  contained  in 
the  two  semimolecnles  of  oxatyl  in  dibasic  acids ; — 


Primary  Dmnides. 
Oiamido  or  { 

Sncciuamide. . .  or 


rcoT'  rcoAd 

I  Et"  ,  or  \  Et"  . 
_  [  COj  [  COAd 


Formation. — 1.  By  the  action  of  heat  upon  the  normal  am- 
monic  salts  of  dibasic  acids:  — 

rCO(i\vH^O)  _  fCO(N"U)  Q 


Ammonio  oxalate. 


Oxamide. 


Water. 


2.  By  the  action  of  ammonia  on  the  ethereal  salts  of  dibasic 
acids : — 


r  COEto 
I  COEto 

Ethylio 

oxalate. 


f  2NK  = 


Ammonia. 


rco(N'"H,)  , 

I  CO(N'"H^)  +  2EtHo. 

Oxamide.  Alcohol. 


3.  By  the  action  of  ammonia  on  the  chloro-dibasic  acids 


4NH,  + 


COCl 

Et" 

COCl 

nylic 
chloride. 


r  CO(N"'HJ 


=  \  Et" 


[  CO(N”'HJ 


+  2NH,C1. 


Ammonic 

chloride. 


The  secondary  and  tertiary  diamides  are  but  little  known. 


C.  TBIAMIDES. 

Primary  Triamides. — The  primary  triamides  may  be  regarded 
as  derived  from  tribasic  acids  by  the  substitution  of  amidogen 
for  the  hydroxyl  contained  in  the  three  semimolecules  of  oxatyl 
of  these  acids,  or  as  derived  from  three  molecules  of  ammonia 
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by  the  replacement  of  three  atoms  of  hydrogen  by  the  residue 
of  a  tribasic  acid.  A  good  example  of  a  triamide  is 

f  CHHo(COAd) 

Citramide  . \  CH(COAd)  or 

[  CH/COAd) 

Citramide  is  formed  by  the  action  of  ammonia  on  ethylic 
citrate. 

Secondary  and  tertiarij  tvlamides  have  not  yet  been  formed. 


2.  TRE  ALKALAMIDES. 

These  compounds  occupy  an  intermediate  position  between 
the  amines  and  the  amides.  They  are  derived  from  ammonia 
by  the  substitution  of  part  of  the  hydrogen  by  positive,  and 
part  by  negative  radicals ;  and  inasmuch  as  two  atoms  at  least 
of  hydrogen  must  be  so  substituted,  no  primary  alkalamide  can 
exist. 

Secondary  and  tertiary  moualkalamides,  dialkalamides,  and 
trialkalamides  are  knowm. 

Ethyl  acetamide .  NHEt(CMeO). 

Ethyl  diacetamide .  NEt(CMeO)2. 

Diethyl  oxamide .  N3H3Et3(C30j)". 

Diphenyl-carbouyl-oxalyl  diainide  N3(C3Hj)3(C0)"(C202)". 

Citryl-tripheuyl-triamide  .  N3l-r3(C„H.)3(G„H30 J". 

The  alkalamides  incline  towards  a  positive  character,  their 
degree  of  alkalinity  being  about  equal  to  that  of  urea. 

3.  TRE  TBIORLOEINATED  AND  TBIBBOML 
NATED  AMINES. 

If  the  hydrogen  in  an  amine  bo  gradually  substituted  by 
chlorine  or  bromine,  the  basic  character  of  the  amine  gradually 
diminishes,  and  finally  a  neutral  compound  is  obtained. 

This  reaction  has  been  studied  in  the  case  of  aniline,  which 
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loses  basic  energy  by  the  successive  replacement  of  two  atoms 
of  liydrogen,  and  finally  becomes  neutral  by  the  substitution  of 
three  atoms  of  chlorine  or  bromine  for  three  of  hydrogen 


4.  THE  HALOID  COMPOUNDS  OF  OXYDASES. 

These  bodies  are  only  known  in  the  arsenic  series  ;  they  are 
formed  by  the  action  of  chlorine,  bromine,  or  iodine  upon 
cacodyl  and  its  homologues,  or  of  hydrochloric  acid,  hydro- 
bromic  acid,  or  hydriodic  acid  upon  the  oxybases. 

General  formula .  As(C„II^>,i4-i)2Cl- 


Negative  Section. 

THE  IMIDES  AND  NITRIDES. 


General  formula . . 


[ofimides...  lNrH(C„Il2„_iO)oj 

J  .  -  /N  TV  /  4\ 


of  nitrides  .  N(b„H2n-iG)3- 

Fc-mation.-'B,  tl,o  action  of  cUoi-acids  (tto  so-called  cUo- 
rides  of  negative  radicals)  upon  amides 
NHCCMeO)  d-  CMeOCl  =  NII(CMeO).  d-  HCl. 

acid. 


Acetamide. 


Acotylic 

cliloi'ide. 


A  repetition  of  this  reaction  gives  acetylic  nitride,  which  may 
also  be  obtained  by  heating  a  mixture  of  acetonitrile  and  acetic 

anhydride  to  200°.  .  f  j  a 

An  imido  may  also  be  formed  by  tbc  substitnt.ou  of  a  dyad 

negative  radical  for  two  atoms  of  hydrogen  in  ammonia,  thus : 

rrcoi" 

Succiiiimide .  Nn(C.jI1^0,)  ,  oi  NH  | 

These  bodies  have  hitlicrto  received  but  little  attention. 
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CHAPTER  XXX. 


II.  COMPOUNDS  OF  PFNTAD  NITBOGFN 
AND  OF  ITS  ANALOGUES. 


This  class  of  compounds  contains  the  following  series  : — 


Positive. 

1.  Caustic  Nitroeen  bases. 

2.  „  PhosiSiorus  bases. 

3.  „  Arsenic  bases. 

4.  „  Antimony  bases. 

5.  Oiyarsenic  bases. 

6.  Oiyantimonic  bases. 


Jfeuiral. 

1.  Salts  of  Amines. 

2.  „  Phosphines. 

3.  „  Arsines. 

4.  „  Stibines. 

5.  „  Oiyarsenic  bases. 

6.  „  Oxyantimonic  bases. 


Negative. 

1.  Organic  arsenic 
acids,  oiychlo- 
rides,  and  chlo¬ 
rides. 

2.  Organic  antimo- 
nic  acids. 


POSITIVE  COMPOUNDS. 

1.  Caustic  Nitrogen  Eases. — 

General  formula .  N(C,.IIo„^i)jIIo. 

In  each  positive  radical  n  must  he  a  positive  integer.  The 
radicals  need  not  be  all  of  the  same  atomic  weight. 

Formation. — By  the  action  of  argentic  hydrate  upon  the 
iodides  of  the  compound  ammoniums  : — 

NEtJ  +  AgHo  =  NEt,Ho  +  Agl. 

Tetrethylammo-  Argentic  Tetrcthylammo-  Argentic 

nic  iodide.  hydrate.  nic  hydrate.  iodide. 

2.  Caustic  Phosphorus  Eases. 

3.  Caustic  Arsenic  Eases. 

4.  Caustic  Antimony  Eases. — 

By  displacing  the  N  in  the  above  general  formula  and  in  the 
equation  by  P,  As,  and  Sb,  the  constitution  and  formation  of 
these  three  series  of  compounds  will  be  expressed. 

5.  Oxyarsenic  Eases. — Tliese  bodies,  which  are  diacid  bases, 
are  obtained  by  the  slow  oxidation  of  the  tertiary  monar¬ 
sines  : — 

As(C„Il2„.pi)3  +  0  8=  As(C„Il2„.fl)30. 

Tertiary  mouarsinc.  Oxyarsenic  base. 

P  2 
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G.  Oxyanlimonic  Hases. — These  are  formed  in  a  manner 
exactly  analogous  to  that  in  which  the  oxyarsenic  bases  are 
produced. 

NEUTRAL  COMPOUNDS.  . 

1.  Salts  of  Amines. 

General  formula; : — 


In  the  first  formula  m  may  =0  ;  in  the  second,  may  be 

displaced  by  ;  and  in  the  third,  may  be  substituted 

by  II3. 

Formation. — Like  the  analogous  compounds  of  ammonia,  the 
salts  of  the  amines  are  formed  by  the  direct  union  of  acids  with 
the  amines  without  elimination  of  water,  thus  : — 


NEtH^  +  HCl  = 

Ethylamiue.  Hydrochloric 


NEtH3Cl. 


Ethylammonic 

chloride. 


acid. 


The  haloid  salts  of  the  amines  may  also  be  produced  by  the 
anion  of  the  haloid  ctliers  of  tlie  monad  positive  radicals  with 
the  amines  (for  reaction  see  p.  192). 

Character. — The  salts  of  the  diamines  and  triamines  are  often 
found  to  contain  only  one  molecule  of  acid,  instead  of  two  or 
three  as  shown  in  the  above  general  formula;,  which  indicate  the 
composition  of  tlie  normal  salts.  The  nitrogen  atoms  are  in 
such  cases  united  together  by  one  of  the  bonds  of  each,  besides 
being  linked  by  the  poly  ad  radicals,  thus  : — 


The  difference  between  these  two  classes  of  salts  will  be  ren¬ 
dered  more  evident  by  a  comparison  of  the  following  graphic 
and  symbolic  formula; : — 
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N'ormal  Salts. 


N  Et"- 

N 

r  NH3C1 
I NH3CI 


Ethylcne-diammonio  dichloride. 


Cl^/H 

H^/H 

II^/Cl 

N  Et" 

N  Et" 

N 

1 

Cl 

Diethylene-trianiinonic  trichloride. 

f'NH3Cl 
1  Et" 

or  N3H3Et''.,C]3  or  ^  NH^Cl. 

l.Et" 

^NH3C1 

Ilonacicl  Salts. 


H^/H 

'II  Cl 

N 

Et" 

J 

t  NH.Cl 


Et" 


Ethylene-diammonic  monochloride. 


H^/II 
N - Et" 


II 


/\_ 


r 

-X- 


-Et"- 


-N 


Cl 


H 


11"'^  II 


Diethylene-triammonio  raonochlorido. 


rNH3.,,„ 

or  i'(N3)"'H,Et"3Cl  or^NH-^"  „. 

[NTLCr^ 


Diacid  Salt. 


CK/ii 
N - Et" 


-N- 


-Et''- 


-^/Cl 

-N 


II/^H 

Diethylene-triaramonic  dichloi'ido. 

Nll3Cl,^ 

or  "(N3)^‘“H,Et''.,CI,  or  f  NIT^  y!,,. 
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2.  Salts  of  Phosphines. 

3.  Salts  of  Arsines. 

4.  Salts  of  Stibines. 

These  three  series  of  salts  all  present  close  analogies  with  the 
salts  of  the  amines  both  in  constitution  and  in  the  mode  of  their 
formation.  The  mode  of  formation  of  several  of  them  is  shown 
at  pages  202  and  203. 


5.  Salts  of  Oxyarsenic  Bases. 

As(C„H,„+03CI. 

Formation. — By  the  action  of  acids  on  the  oxyarsenic  bases : — • 
AsMe^,0  +  21101  =  AsMe3Cl,  +  Oil, 

Ari^(Miie  UyJrocliloric  Ar8(*nic  trimetho-  Water, 

trimcthoxide.  acid.  dichloride. 


G.  Salts  of  Oxrjanthnonic  Bases. 

These  resemble  the  previous  salts  in  formation  and  consti¬ 
tution. 


FFGA  TIFF  C02IP  0  UFBS. 


1.  Organic  Arsenie  Acids,  Oxychlorides,  and  Chlorides. 
Tlie  following  arc  the  principal  bodies  of  this  class : — 


Monomothylarscnic  acid .  AslMeOIIo.,. 

Arsenic  oxydicldormethidc .  '' AsMeOCl,. 

Arsenic  tetrachlormctliide  . AsMeCl^ 

Cacodylic  acid  .  *'  AsMe,01Io. 

Cacodylic  trichloride  .  'AsMCoCl,. 


ORGANO-BOKON  AND  SILICON  COMPOUNDS. 

2.  Organic  Antimonic  Acids. 

No  exploration  of  this  series  has  yet  been  made.  The 
members  of  it  will  doubtless  be  found  to  have  close  analogies 
with  the  corresponding  series  of  arsenic  compounds. 


CHAPTER  XXXI. 

OEGANO-BORON  AND  SILICON  COMPOUNDS. 

Teis  family  is  divided  into  the  two  following  classes 

1.  Organo-boron  compounds. 

2.  Organo -silicon  compounds. 


1,  Organo-horon  compounds. 

These  compounds  contain  boron  directly  united  with  the 
carbon  of  monad  positive  radicals,  and  are  thus  distinguished 
from  organic  compounds  containing  boron,  as  seen  in  the  fol¬ 
lowing  formulse : — 


Organo-boron  compound. 

H  II 
II— C— B— C— 11 


II 


H 


II— C— II 

I 

II 

Boric  methidc. 


Organic  compound  containing  boron. 

II  II 

1  1 

1[_C— 0-B— 0— C— II 

II  i)  II 

I 

II— C— II 

I 

H 

Mctliylic  borate. 


The  organo-boron  compounds  are  produced  by  the  replace¬ 
ment  of  methoxyl  or  ethoxyl  in  mctliylic  or  ethylic  borate  by 
monad  positive  radicals.  Hitherto  only  the  radicals  methyl 
and  ethyl  have  been  thus  combined  with  boron. 
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BORIC  METHIDE. 

B(CIl3)3,  or  BMe3. 

Molecular  tveifjlit  =5G.  Molecular  volume  I  I  I.  1  litre  of  horic 
metliide  gas  u-eiglts  28  critlis.  Condenses  at  10°  under  a 
pressure  of  four  atmospheres. 

Preparation. — By  adding  to  cthylic  borate  an  ethereal 
solution  of  zincic  methide,  when  boric  metliide  is  evolved  as 
gas 

2BEto3  -f  SSiflMcj  =  2BMe3  +  SZnEto^. 

Ethylio  Zincic  Eoric  Zincic 

[borate.  methide.  methide.  ethylate, 

Peactions. — 1.  Inflames  spontaneously  in  air  or  oxygen. 

2.  Combines  energetically  with  ammonia,  forming  ammonia- 
boric  methide : — 

Nir3  -f  Bile,  =  NIl3,BMe3. 

Ammonia,  Boric  Ammonia-boric 

methide.  methide. 

3.  Boric  methide  combines  readily  with  jiotash,  soda,  lime, 
and  baryta,  forming  compounds  the  composition  of  which  is 
not  known  with  certainty. 


AMMONIA-EORIC  METHIDE. 


NIl3,BMe3. 


Molecular  weight  =73. 


Molccidar  volume  (anomalous) 


Fuses  at  56°.  Foils  at  110°.  1  litre  of  ammonia-lorie 

methide  vapour  weighs  18'25  criths. 

Eormed  as  above  described. 


Peactions. — 1.  Cupric  chloride  .absorbs  ammonia  from  the 
vapour  of  ammonia-boric  methide,  rcduciug  the  volume  of  the 
vapour  to  one  half  and  leaviug  boric  methide  gas  : — ^ 

G(NIl3,BMe3)  +  2CuCk  =  2CuCk,6Nir3  -f  GBM03. 

Ammonia-borio  Ammonia-cnin’ic  Boric 

methide,  tliloride.  methide. 
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2.  Ammonia-boric  metbide  is  readily  decomposed  by  acids  ; 
even  carbonic  acid  decomposes  it.  With  hydrochloric  acid  the 
reaction  is : — 

NH3,BMe3  +  HCl  = ;  NH,C1  -h  BMe3. 

Aijiinonia-borio  Ammonio 

jnetliide.  chloride.  mctmde. 

BORIC  ETHIDE. 

B(C3H3)3  or  BEt3. 

Molecular  'leeigld  =98.  Molecular  volume  fTI-  1 

horie  cthide  vapour  weighs  49  criths.  Soils  at  95°  C. 

Sp.  gr.  of  liquid  '6961  at  23°. 

Sreparation. — By  the  action  of  zincic  ethide  upon  ethylic 
borate : — 

2BEt03  +  SZnEtj  =  2BEt3  +  SZnEto,. 

Ethvlio  Zincic  Boric  Zincic 

borate.  ethide.  ethide.  ethylate. 

Seactions. — 1.  Inflames  spontaneously  in  air,  and  explodes  in 
oxygen. 

2.  Allowed  to  oxidize  gradually,  boric  ethide  forms  boric 
etho-diethylate : — 

BEt3  +  03  =  BEtEtOj. 

3.  Heated  with  hydrochloric  acid  to  99°,  it  slowly  evolves 
ethylic  hydride,  and  is  converted  into  boric  dietho-chloride : — 

BEt3  -f  HCl  =  BEt3Cl  -f  EtH. 

Boric  Boric  diptho-  Ethylic 

ethide.  chloride.  hydride. 

4.  Boric  ethide  combines  very  energetically  with  ammoniacal 
gas,  forming  ammonia-boric  ethide : — 

Nil,  -b  BEt3  =  NH3,BEt3. 

Ammonia.  Boric  Ammonia-boric 

ethide.  ethide. 
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BORIC  ETHO-DIETHYLATE. 

BEtEto,. 

Boils  at  125°  C. 

Preparation. — By  the  slow  action  of  oxygen  upon  boric 
etliide  as  above  described. 

Pcaction. — In  contact  with  water  it  is  instantly  decomposed, 
forming  Ijorio  etho-dihydrate  :  — 

BEtEto^  +  2011^  =  BEtHo^  +  2HEto. 

Boric  ftho-  Water.  Boric  etho-  Alcohol, 

diethylate.  clihydrate. 


AMMONIA-BORIC  ETHIDE. 

NH3,BEt3. 

Formed  by  the  union  of  ammonia  gas  with  boric  ethide  as 
above  described. 

Reaction. — Decomposed  by  acids  but  not  by  carbonic  acid. 
With  hydrochloric  acid  the  reaction  is  as  follows  : — 

NH3,BEt3  -h  HCl  =  NII,C1  +  BEt3. 

Amnionia-linrin  Ammonio  Boric 

ethide.  ehloride.  ethide. 


2.  Orrjano-silicon  compounds. 


The  great  similarity  in  chemical  functions  between  carbon 
and  silicon  seems  to  justify  the  anticipation  that  a  great  number 
of  compounds  of  silicon  -will  be  produced  analogous  in  consti¬ 
tution  to  the  organic  compounds  of  carbon.  Ah’cady  several 
such  compounds  are  known,  as  for  instance : — 

Silico-compounds.  Organic  analogues. 

Sill,.  CH.. 

Silicic  liydrid<‘.  Marsh  gas. 


SillCl,. 

Silicon  ehloroforin. 


cnc]3. 

Chloroform. 


r  siiio 

o  . 

[  SillO 

Hilicorormic 

unljydrule. 


r  Clio 
o  . 

[  CHO 

Unknown 
fomio  auh)'di*idc. 
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Following  the  analogy  of  organic  compounds,  the  substitution 
of  one  of  the  atoms  of  hydrogen  in  silicic  hydride  by  the 
hitherto  unknown  radical  silicon  methyl  (SiHg)  would  yield 
a  body  constituted  like  the  molecule  of  methyl  or  ethylic 
hydride, 

From  this,  silicoethylic  chloride  (Si^HjCl)  ought  to  he  ob¬ 
tained  ;  and  then,  by  the  substitution  of  hydroxyl  for  chlorine, 
the  silicon-analogue  of  common  alcohol  (Si.,HjHo).  None  of 
these  compounds  containing  silicon  directly  combined  with 
silicon  have  hitherto  been  formed ;  indeed,  unlike  the  tetrad 
elements,  carbon,  tin,  and  titanium,  silicon  appears  to  have  little 
tendency  to  form  such  compounds.  Amongst  the  host  of 
silicon  minerals  there  is  not  one  in  which  the  assumption  of 
the  existence  of  silicon  combined  directly  with  silicon  is  ad¬ 
missible.  Disilicic  hexachloride  (Si  ,Clg)  has,  however,  been 
re  cently  formed. 

But,  although  these  true  silicon  analogues  of  the  more  com¬ 
plex  organic  compounds  have  not  hitherto  been  obtained, 
yet  a  large  number  of  bodies  which  contain  silicon  atoms 
directly  combined  with  carbon  have  been  synthetically  pro¬ 
duced;  and  many  of  these  substances  exhibit  interesting 
analogies  with  corresponding  compounds  containing  carbon  in 
the  place  of  silicon.  These  are  the  bodies  which  are  included 
in  the  class  of  organo-silicon  compounds.  The  following  Table 
contains  the  names  and  constitutional  formulae  of  the  chief 
members  of  this  class,  together  with  those  of  their  derivatives, 
such  as  ethylic  silicate  (SiEtoJ,  which  do  not,  strictly  speaking, 
belong  to  it,  inasmuch  as  they  no  longer  contain  silicon  directly 
combined  with  carbon ; — 

Name,  Formula. 

point. 

'  Silicic  methide  . .  SiMe,  30'5  — - 

SihleOj 

O  202  -4- 

SiMeo^ 


SilL 

SiH; 


<  Disilicic  oxy-hexamethylate 
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Name. 


Formula. 


»  Silicic  methylate  . 

?  Silicic  ethide . 

Silicic  dimethylate  ethylate 

Silicic  chlortriethylate . 

Silicic  dichlorethylate  . 

i  Silicic  ethylate . . 

<  Silicic  triethylate  amylate 

t  Disilicic  oxy-hexaetbylate . , 


^  Disilicic  oxy-hexaethide . . . . 

I  Silicic  hydi’otriethylate  . . . 

t~  Silicic  ethotriethylate  . . 

4  Silicic  dieth-ethylate  . 

t  Silicic  trieth-ethylate  . 

Silicic  dietho-chlorethylate 
Silicic  chlortriethide . 

I 

.  Silicic  dichlorethide . 

~  Silicic  trichlorethide  . 

Silicic  diethoxide  . . 

,  Siliconylic  chloride . 


SiMeo, 

SiEt, 

SiMeo^EtOj 
,  SiClEt03 
SiCEEto., 
SiEto, 
SiEto„Ayo 
r  SiEt03 
0 

[  SiEto3 
rsiEt3 
0 

[  SiEt3 
.  SiHEt03 
.  SiEtEto3 
.  SiEtjEtOj 

,  SiEt3Eto 
.  SiEEClEto 
.  SiEt3Cl 
.  SiEt^CE 
.  SiEtCE 
.  SiEEO  A 
f  SiEt’ 
t  CMeHCl 


,  Siliconylic  alcohol  . | 

f  CH 

•  Siliconylic  acetate  . |  coCSiC^H^O) 

r  SiEt03 

Silicic  aceto-triethylatc . 0 

[C  CM 

Silicic  acetylato  .  Si(COMe), 

JChreH,, 

.  Silicopropionic  acid  . j  SiOHo 

Silicic  triethohydrate  {Tricthyl-  f 
‘  silicol) .  t  ^ 


Boiling- 

point. 

o 

121 

152-5 

145 

156 


166-5 

220 


235 


227 

134 

158- 

155 

153 

148 

143-5 

129 


185 

190 

211 


153-5 


j-i '  1\.  1  /tc/T-n.  ^  - 


C.T  C\ 
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SILICIC  METHIDE. 

H 


H 

H 

Si(CH3), 

1 

j 

or 

H  C 

5: 

>i— 

C— H 

SiMe^. 

1 

I 

H 

H 

II— c— ir 

I 

H 

Molecular  weight  =88-5.  Molecular  volume  I  I  |.  1  litre  of 

silicic  methide  vapour  weighs  41'25  criths.  Boils  at  30°'5. 

Formation. — By  the  action  of  zincic  methide  upon  silicic 
chloride  at  a  temperature  of  from  120°  to  200°. 

SiCl,  +  2ZnMe,  =  SiMe,  +  2ZnCl,. 

Silicic  Zincic  Silicic  Zincic 

chloride.  methide.  methide.  ciiloride. 


SILICIC  ETHIDE. 

SiEfc.,. 

Molecular  tceight  =14l!'5.  Molecular  volume  I  I  I.  1  litre  of 
silicic  ethide  vapour  tceighs  72*25  criths.  Boils  at  152°'5. 

Preparation. — By  the  substitution  of  zincic  ethide  for  zincic 
methide  in  the  reaction  last  described,  silicic  ethide  is  pro¬ 
duced. 

Beactions. — Treated  with  chlorine,  one  atom  of  hydrogen  is 
replaced  by  an  atom  of  chlorine,  and  siliconglic  chloride  is 
formed : — 

SiEyCMeHJ  +  Cl,  =  { iMellCl  + 

Siliconylic  chloride. 


Silicic  ethide. 
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At  the  same  time  a  portion  of  the  silicic  ethide  is  converted 
into  dichlorinated  silicic  ethide,  which,  when  heated  with 
aqueous  alcohol  and  potassic  acetate,  yields  disilicic  oxyethide> 

1 0 

I  siEt; 


SILICIC  TRIETHOHYDEATE.  TriethjUiUcol. 
SiEtJIo. 

IloJecular  loeicjht  =1Z2'^.  Molecular  volume  m.  \litreof 
the  vapour  xeeiejlis  G6’25  criths.  Boils  at  153°'5.  Sp.  gr. 
ofliguid  '8709  at  0°. 

Preparation.  1.  By  digesting  silicic  triethoethylate  Avith 
water  at  200° : — 

SiEt3Eto  +  on,  =  SiEt3lIo  +  OEtH. 

Silicic  Silicic  Alcohol, 

triethoethylate.  triethohj-dratc. 

2.  By  the  action  of  aqueous  ammonia  upon  silicic  chlor- 
triethide : — 

SiEt3Cl  +  on,  +  NII3  =  SiEt3Ho  +  NH^Cl. 

Silicic  Silicic 

chlortriethide.  trietlioh3*dratc. 


SILICOPROPIONIC  ACID. 

J  ChreH,. 

I  SiOHo'- 

Preparation: — 1.  Tliis  acid,  wliich  contains  the  new  negative 
radical  SiOIIo  (tliat  is  to  sajq  oxatyl  in  whicli  carbon  is  re¬ 
placed  by  silicon),  is  prepared  from  silicic  chlortricthylate  by 
the  following  scries  of  reactions : — 

1st.  Silicic  chlortricthylate  is  treated  with  ziucie  ethide  and 
sodium,  and  thus  converted  into  silicic  ethotriethylate  by  the 
following  reaction : — 
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2SiClEt03  +  ZnEt,  =  ZnCl^  +  2SiEtEto3. 

Silicic  Zincic  Silicic 

h  lortriethylate.  ethide.  ctliotrieth)'late. 

2n(i.  Silicic  ethotriethylate,  which  is  a  colourless  liquid, 
smelling  like  camphor  and  boiling  at  158°’5,  is  now  heated  with 
concentrated  solution  of  potassic  hydrate,  when  the  following 
change  takes  place  : — 

SiEtEt03  +  KHo  +  OH3  =  SiEtOKo  +  SEtHo. 

Silicic  Potassic  Alcohol, 

ethotriethylate.  silicopropionate. 

3rd.  Erom  the  potassium  salt,  sdicopropionic  is  obtained  by 
the  addition  of  hydrochloric  acid. 

2.  By  heating  silicic  ethotriethylate  with  acetylic  chloride  to 
180°,  silicic  ethotrichloride  is  produced : — 

SiEtElo.  +  =  SiEtCI,  +  3  { 

Silicic  Acetylic  Silicic  Ethylic 

ethotriethylate.  chloride,  ethotrichloride.  acetate. 


By  the  subsequent  action  of  water  upon  the  silicic  etho¬ 
trichloride,  pure  silicopropionic  acid  is  obtained  as  a  white 
insolnble  powder  resembling  silica : — 

SiEtCl3  -f  2OH3  =  SiEtOHo  -f  3IIC1. 


Silicic 

ethotrichloride. 


Silicopropionic 

acid. 


CHAPTER  XXXIL 

ORGANOMETALLIC  BODIES. 

This  term  is  applied  to  a  family  of  compounds  in  which  an 
organic  radical  is  united  directly  with  a  metal ;  and  it  serves 
to  distinguish  them  from  other  organic  compounds  containing 
metals,  in  which  the  metal  and  organic  radical  are  indirectly 
united  or  linked  to  each  other. 

Thus  zincic  ethide  is  an  organometallic  body,  while  zincic 
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ethylate  aud  ziacic  succinate  are  organic  bodies  containing 
metals : — 


H  H 


Zincic  ethide...  ZnEt^, 

Zincic  ethylate...  ZnEto^. 

H  II 


H  H 
I 


H— C— C—  Zn — C— C— II 

II  II 

II  H  H  II 


H  II 


II— C— C-0— Zu— 0— C— C— H 


II  H 


.  .  .  „ 

Zincic  succiiiate  ...  i  C,.II,  Zno  . 

1  CO - 1 


H  H 

II  0 

I  I! 

II— C— C— 0— ^ 

1  Za 

II— C— C— 0— ^ 

I  II 

H  O 


Many  organic  compounds  containing  metals  are  the  deriva¬ 
tives  of  organometallic  bodies ;  thus  zincic  ethide  by  oxidation 
yields  zincic  ethylate — 

ZnEtj  +  0^  =  ZnEtOj ; 


Zinoio 

tthide. 


Zincic 

ethylate. 


and  by  further  ox’idation  zincic  ethylate  can  be  converted  into 
zincic  acetate — 


CMeII,.r; 
CMeli, 

Zincic  ethylate. 


CMeO, 
CMeO' 

Zincic  acetate. 


Zno"  -t-  20„  =  +  2011, 


Water. 


Another  instance  of  the  derivation  of  organic  bodies  con¬ 
taining  metals  from  organometallic  bodies  is  seen  in  the  for¬ 
mation  of  potassic  jn’opionate  by  the  action  of  potassic  ethide 
upon  carbonic  anhydride  : — 


ClMellX  -p  CO,  = 

BotaBsio  C.arhonic 

ethide.  anhydride. 


f  CMcH,. 
\  COKo'- 

Totassie 

propionate. 
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Formation  of  or ganometallic  bodies. 

Organometallic  bodies  are  produced  iu  a  large  number  of 
reactions,  which,  however,  may  be  classed  under  the  following 
four  heads : — 

I.  By  the  union  of  monad  positive  radicals  in  statu  nascenti 
with  a  metal,  or  by  the  coalescence  of  a  metal  with  the  iodide 
of  a  monad  positive  radical. 

Thus,  when  zinc  and  ethylic  iodide  are  heated  together  to 
100°  in  closed  vessels,  zincic  ethide  is  formed  : — 

2EtI  +  Zn,  =  ZnEt^  +  Znl^. 

Ethylio  Zincic  Zincic 

iodide.  ethide.  iodide. 

Sometimes  light  may  be  employed  instead  of  heat  to  effect 
this  change,  as  in  the  case  of  the  organo-tin  compounds.  In 
the  formation  of  organo-mercury  compounds  by  this  method, 
light  is  indispensable  to  the  reaction  : — 

EtI  +  Hg  =  HgEtl. 

Ethjlic  Mercuric 

iodide.  ethiodide. 


II.  By  the  action  of  the  respective  metals  alloyed  with  potas¬ 
sium  or  sodium  upon  the  iodides  or,  in  rare  cases,  the  bromides 
of  the  monad  positive  radicals. 

By  this  process  there  is  less  tendency  to  form  compounds 
containing  both  positive  radicals  and  negative  elements.  Potas¬ 
sium  or  sodium  compounds  are  never  produced  in  this  reaction, 
because  they  cannot  exist  in  the  presence  of  ethylic  iodide  or 
its  homologues.  This  process  is  well  adapted  for  the  formation 
of  arsenic,  antimony,  tin,  mercury,  lead,  bismuth,  and  tellurium 
compounds : — 


4EtI  -f  SnXa, 

Ethylic  Tin  sodium 

iodide.  alloy. 

2EtI  4-  HgNa^ 

Ethylic  Sodium 

iodide.  amalf'am. 


SnEt, 

+ 

4NaI. 

Stannic 

Sodic 

ethide. 

iodide. 

HgEt, 

+ 

2NaI. 

Mercuric 

Sodi 

ethide. 

iodide. 

VOL.  II. 


Q 
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2C,„H,Br  4-  HgNa,  =  Hg(C.„H,),  +  2NaBr. 

Naphtliylic  Sodium  Mercuric  Sodic 

bromide  (bromo-  amalgam.  naphthide.  bromide, 

naphthaline). 

III.  By  the  action  of  the  zinc  compounds  of  the  monad 
])Ositive  radicals  upon  the  haloid  compounds,  either  of  the 
metals  themselves,  or  of  their  organo-  derivatives. 

For  the  production  of  orgauometallic  bodies  containing  less 
jiositive  metals  than  zinc,  this  method  is  generally  the  most 
convenient,  and  is  of  most  universal  aj^plicatiou.  Compounds 
containing  mercury,  tin,  lead,  antimony,  and  arsenic  have  been 
thus  produced ;  but  the  process  has  failed  when  applied  to  the 
haloid  compounds  of  copper,  silver,  platinum,  and  iron ;  for, 
although  these  bodies  are  violently  acted  upon,  the  organic 
radicals  do  not  unite  with  the  metal ; — 

SnCl,  +  ZnEt,  =  SnEt.Cl,  +  ZnCl,. 

Stannic  Zineic  Stannic  diehlor-  Zineic 

chloride.  ethide.  ethide.  chloride. 

SnCl^  +  2ZnEt2  =  SnEt^  +  2ZnCl2. 

Stannic  Zineic  Stannic  Zineic 

chloride.  ethide.  ethide.  chloride. 

2HgEtl  +  ZnEt,  =  2HgEC  +  Znl^. 

Mercuric  Zineic  Mercuric  Zineic 

etliiodide.  ethide.  ethide.  iodide. 

IV.  By  the  displacement  of  a  metal  in  an  orgauometallic 
Gompouud  by  another  and  more  positive  metal. 

This  method  has  been  successfully  employed  for  the  forma¬ 
tion  of  the  organo-  compounds  of  potassium,  sodium,  lithium, 
aluminium,  and  zinc.  In  the  first  three  cases  the  reaction  takes 
))lace  at  ordinary  temperatures,  some  of  the  original  compound 
entering  into  the  composition  of  the  resulting  organometallic 
body : — 


SZnEt, 

Zineic 
el  hide. 

+ 

II 

2Zn]S'aEt3 

Sodic  zineic 
ethide. 

+ 

Zn. 

3HgEt, 

Mereiu’io 

ethide. 

+ 

II 

'Al'VEt, 

b 

Aluminic 

ethide. 

+ 

3Hg. 

HgAy, 

Mercuric 

nniylidc. 

+ 

II 

d 

ZnAy,3 

Zineic 

aniylide. 

+ 

Hg- 
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JReactions  of  organometallic  bodies. 

1.  The  most  iuterestiog  reaction  of  the  organo-  compounds 
of  the  monad  metals  is  their  transformation  into  salts  of  normal 
fatty  acids  by  the  action  of  carbonic  anhydride  (see  p.  118). 

2.  Tlie  organo-  compounds  of  potassium  and  sodium  decompose 
the  iodides  of  the  monad  positive  radicals  in  the  cold,  forming 
hydrides  and  dyad  radicals  : — 

C,H,Na  +  C.,HJ  =  Nal  +  +  C,H,. 

Sodic  Etlij^lie  Sodio  Ethj^lic  Eth3-lene. 

ethide.  iodide.  iodide.  hydride. 

3.  The  organo-  compounds  of  zinc  are  decomposed  by  water, 
with  formation  of  the  hydrides  of  the  radicals  : — 

ZnEtj  +  2OH2  =  ZnlToj  +  2EtII. 

Zincic  Water.  Zineic  Ethylic 

ethide.  hydrate.  hydride. 

1.  By  the  slow  action  of  dry  oxygen,  they  pass  through  two 
stages  of  oxidation ; — 

ZnEt^  4-  O  =  ZnEtEto ; 

Zincic  Zincic  etho- 

ethide.  ethylate. 

ZnEtEto  +  O  =  ZnEto^. 

Zincic  ctho-  Zincic 

ethylate.  ethylate. 

5.  Monad  negative  elements,  such  as  iodine,  remove  succes¬ 
sively  the  two  atoms  of  ethyl ; — 


ZnEtj 

Zincic 

etliide. 

+ 

I. 

=  ZnEtl 

Zincic 

ethiodide. 

+ 

Erl: 

Ethylic 

iodide. 

ZnEtl 

Zincic 

ethiodide. 

+ 

I. 

=  Znl, 

Zincic 

iodide. 

+ 

EtI. 

Ethylic 

iodide. 

G.  The  organo-ziuc  compounds  are  extremely  useful  for  the 
displacement  of  chlorine  or  its  analogues  by  ethyl  or  its  liomo- 
logues  : — 


2PC1,,,  +  SZnEt^  =  2PEt3  -|-  SZnCl^. 

Phosphorous  Zincic  Trictliyl-  Zincic 

trichloride.  ethide.  phosphine.  chloride. 

q2 
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SiCl, 

+ 

2ZnEt^ 

=  SiEt,  -f 

2ZnCV 

Silicic 

Zineic 

Silicic 

Zineic 

chloride. 

ethide. 

ethide. 

chloride. 

C,H,C1 

rajT.Et 

0 

+ 

ZnEt^ 

=  0 

+ 

ZnCl, 

C,H,C1 

1  C,H,C1 

Chlorether, 

Zineic 

Ethylo- 

Zineic 

ethide. 

chlorether. 

chloride. 

C,H,Et 

fC,H,Et 

0 

+ 

ZnEtj 

=  2  J  0 

+ 

ZnCl. 

C,H,C1 

^  1  C,H,Et 

Ethylo- 

Zineic 

Diethylated 

Zineic 

chlorether. 

ethide. 

ethylic  ether. 

chloride. 

Dietliylated  etliylic  ether  is  isomeric  with  hutylic  ether,  and 
contains  the  radical  methylo-ethylated  methyl  (see  p.  8). 
;  By  oxidation  would  doubtless  give  methylated  acetone 
^  "'(p.  187). 

V  7.  Oxygen  may^atao  -be~  displaced  Ih-  a  similar  -manner. 
Thus : — 


u- 

t 

ii  ■ 


<.  0 


u  ’  ? 


l(' 

j 


iv  ; 

I 

r.~ 


U' 


N,0Et-0- 


N.EtOr 


2W-A  +  ZnEt.  =  or 


Nitvie 

oxide. 


Zineic 

etliide. 


Zineic  dinitro-ethylate. 


This  compound  is  analogous  to  zineic  propionate,  the  latter 
containing  two  atoms  of  tetrad  carbon  in  the  place  of  the  two 
tetrad  pairs  of  nitrogen  atoms  : — 


Zineic  propionate 


COEt-O-n  „  CEtO„  „ 

COEt-O— J  <^EtO 


8.  An  analogous  reaction  is  observed  with  sulphurous  anhy¬ 
dride  : — 


^0 

2SO, 

-f  ZnMe,, 

Sulphurotis 

Zineic 

'  J 

aiiliydride. 

nicthide. 

V  '  L 

SOMe-On 
Zif 

SOMe-OJ 

Zineic  methyldithionate 


S]\[e0,7  „ 
"  SMeO^““' 


'  liyC  J 


t  O 


^7-  ) 
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9.  When  ethylic  borate  is  acted  upon  by  zincic  metbide,  the 
ethoxy]  becomes  replaced  by  methyl : — 

BEtOg  +  3ZnMe,  =  BMeg  +  SZnMeEto. 

Ethylic  Zincic  Boric  Zincic  methide 

borate  methide.  methide.  ethylate. 


10.  When  ethylic  oxalate  is  heated  with  zincic  ethide,  and 
water  afterwards  added,  ethylic  diethoxalate  is  formed  : — 

{  20H.=  {  +  ZnHo.  +  EtHo. 

Ethylic  Zincic  Water.  Ethylic  Zincic  Alcohol, 

oxalate.  ethide.  diethoxalate.  hydrate. 


11.  By  the  action  of  ammonia,  or  of  certain  amines  and 
amides,  zincic  ethide  exchanges  its  zinc  for  hydrogen : — 


ZnEt,  +  2NH3  =  ZnAd^  +  2EtH. 

Zincic  Ammonia.  Zincic  amide.  Ethylic 

ethide.  hydride. 


12.  The  organo-zinc  compounds,  by  losing  one  semimolecule 
of  their  organic  radical,  become  monad  radicals,  as  shown  by 
the  following  formulae  : — 


Methylozincic  dinitrome- 

thylate . 

Ethylozincic  dinitroethy- 

late  . 

Ethylic  ethylo-zincic  di¬ 
ethoxalate  . 


I  'N",0Me-0-(ZnMe). 

|'N",0Et-0-(ZnEt). 

f  CEVO-(ZnEt) 

I  COEto 


13.  Mercuric  ethide,  when  treated  with  bromine,  loses  one- 
half  of  its  ethyl,  which  is  displaced  by  the  negative  element : — 

HgEtj  -I-  Br^  =  HgEtBr  +  EtBr. 

Mercuric  Mercuric  Ethylic 

ethide.  ethobromide.  bromide. 


14.  Mercv/ric  methide,  when  submitted  to  the  action  of  mer¬ 
curic  iodide,  yields  mercuric  methiodide  : — 

HgMe^  +  Hglj  =  2HgMeI. 

Mercuric  Mercuric  Mercuric 

methide.  ,  iodide.  methiodide. 
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The  hydrates  corresponding  to  the  mercuric  ethobromide  and 
methiodide  have  been  produced.  They  are  powerful  caustic 
bases,  of  the  formulae 

HgEtllo  and  HgMello. 

Slercuric  Vlpruuric 

ethohydrate.  methohydrate. 

15.  The  organo-stannous  compounds  unite  directly  witli 
negative  elements,  passing  into  stannic  bodies : — 

SnEt,  +  =  SnEtJ,. 

Stannous  Stannic 

ethide.  iododiethide. 

16.  Ihjpostannic  organo-  compounds  undergo  a  similar  trans¬ 
formation  : — 

'Sn";Et3  +  I,  =  2SnEt3l : 

Hjpoatannic  >  Stannic 

ethide.  iodotriethide. 

SnEt3l  +  =  SnEtJ^  -f-  EtI. 

Stannic  Stannic  Ethylic 

iodotriethide.  iododiethide.  iodide. 

17.  Ilgpostannic  etliodiniodide  is  formed  by  the  action  of 
iodine  upon  stannic  ethodimethide : — - 

2SnEt3Me,  -f  I,  =  'Sn'''3EtJ.3  +  4MeI. 

Stannic  Ilj^iostannic  Methylic 

ethodimethide.  ethodiniodide.  iodicle. 

18.  Stannic  ethide,  when  treated  with  hydrochloric  acid, 
yields  stannic  chlorotriethide  and  ethylic  hydride : — 

SnEt.,  +  IICl  =  SnEt^Cl  -f  EtII. 

stannic  Uyilrochlorio  Stannic  Ethylic 

ethide.  acid.  chlorotriethide.  hydride. 

The  oxide  and  hydrate  corresponding  to  the  stannic  chloi’o- 
triethide  are  known  ;  their  formulte  are  : — 

r  SnEt^ 

Oxide  ...  s  O  ;  Hydrate...  SnEtjIIo.. 

I  SnEd, 

Tliese  compounds,  and  the  salts  which  they  form,  correspond 
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in  composition,  constitution,  and,  to  a  certain  extent,  in  pro¬ 
perties,  with  the  compounds  of  methyl : — 

Alcohol.  Haloid  ether.  Ether. 

fCH3 

Methylic  .  CH3H0.  CH3CI.  \  0 

i  CH3 
r  siiEt3 

Stanntriethylic .  SnEt  Ho.  SnEtjCl.  i  0 

i  SnEt3 

19.  Stannic  chlorodiethide  is  readily  reduced  to  stannous 
ethide  by  the  action  of  zinc : — 

SnEt^Cl^  +  Zu  =  SnEt^  +  ZnCh. 

stannic  Stannous  Zincie 

chlorodiethide.  ethide.  chloride. 

20.  Ferplumhic  ethide  resembles  stannic  ethide  in  its  re¬ 
actions  ;  thus  with  hydrochloric  acid  it  yields  perplumbic 
chlorotriethide  and  ethylic  hydride  : — 

PbEt,  -f  HCl  =  PbEt3Cl  -f  EtH. 

Perplumbic  Hydrochlo-  Perplumbic  Ethylic 

ethide.  ric  acid.  chlorotriethide.  hydride. 

21.  Perplumbic  triethohydrate  (PbEt3Ho)  is  a  powerful  base, 
forming  salts  with  acids. 

22.  The  organo-tellurium  compounds  form  oxides  and  salts. 
The  following  are  the  formula}  of  tellurium  ethide  and  some  of 


its  compounds : — 

Tellurium  ethide  .  TeEt^. 

Tellurous  diethoxide .  TeEt^O. 

Tellurous  diethiodide  .  TeEtoI^. 

Tellurous  diethos ulphate .  TeEt3(S''‘OJ". 


Constitution  of  Oryanometallic  Bodies. 

The  organometallic  compounds  are  constituted  on  the  types  of 
the  metals  they  contain.  It  was,  in  fact,  the  study  of  these 
bodies  which  first  led  to  the  doctrine  of  the  atomicity  of 
elements.  They  afford  striking  examples  of  monad,  dyad,  triad, 
tetrad,  pentad,  and  hexad  types. 
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The  organic  derivatives  of  the  monad  metals  are  formed  on 
the  type  of  potassic  chloride  (KCl) : — 

K— Cl 

PotaBsic  chloride. 

The  organo-zinc,  cadmium,  magnesium,  and  mercury  com¬ 
pounds  are  formed  upon  the  type  of  zincic  chloride  (ZnCl^)  : — 

H  H  H  H 

Cl— Zn— Cl  H— C— C— Zu— C— C— H 

II  II 

H  H  H  H 

Zincic  chloride.  Zincic  ethide. 

H  H 

I  I 

I— Hg— C— C— H 
H  H 

Mercuric  iodethide. 

The  organo-aluminic  compounds  are  formed  upon  the  type 
of  aluminic  chloride  ('Ar"2Clc)  : — - 


H 

H 

H— ( 

H 

H— ( 

1 

H 

Cl  Cl 

1  1 

H 

1 

H 

1  -1 

Cl  A1  A1  Cl 

1 

TT  r  \ 

A 

1  c 

1 

1 

Cl  Cl 

1 

H 

1 

H 

H— C 

H 

H— C 

!— H 

H 

1 

H 

Aluminic  chloride. 

Aluminic  methide. 

« 

The  organo-tin  compounds  are  formed  upon  the  three  types 
"Sn''Clj,  'Sn"'^Clj,  and  SnCl^, — the  first  resembling  the  zincic 


H  H 

I  I 

K— C— C— H 

I  I 

H  H 

Potassic  ethide. 
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chloride  type,  and  the  second  the  aluminic  chloride  type  (see 
p.  232) 

Cl  Et  Et  Et 


Cl_Sn— Cl  Et— Sn— I  Et— Sn— Et  Et— Sn— Et 


Cl  I  Et  I 

stannic  chloride.  Stannic  iododiethide.  Stannic  ethide.  Stannic  iodotriethide. 

Et  Et  Et 

I  I  I 

Et— Sn— 0— H  Et— Sn— 0— Sn— Et 


Et 

stannic  triethohydrate. 


Et  Et 

Distannic  hexethoxide. 


The  inorganic  types  of  the  organo-tellurium  series  are  TeCl^ 
and  TeOj :  — 

0=Te=0 

Tellurous  oxide. 

,Et 


Cl— Te— Cl 

Tellurium  chloride. 


Et— Te— Et  0=Te/ 

\Et 

Tellurium  ethide.  Tellurous  diethoxide.  Tellurous 

diethiodide. 


I/^®\Et 


The  organo-arsenic,  antimony,  and  bismuth  compounds  are 
derived  from  the  types  'As"^S''2,  AsClj,  AsOHOj,  SbCl,,  SbCl^, 
BiClj,  and  BiO^Ho  (see  pp.  204,  211,  and  214)  : — 

O 


H— 0— As— 0— H 

I 

O 


H 

Arsenic  acid. 

o 


Me— As— 0— H 


0 

A/o  7 

wo  •  V 

II 

htc  J 

H— 0— As— 0— H 

1 

'  0 

Me 

Mo  -■ 

Monomethylarscnio  acid. 

H 

0 

II 

\  ■  0 

Me — As — Me 

.4 


Me 

Cacodylic  acid. 

.\ 


I 


Me 

Arsenic  oxytrimethide. 
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The  effect  of  the  substitution  of  positive  for  negative  radicals 
in  compounds  is  strikingly  exhibited  in  the  case  of  arsenic  acid, 
AsOIIo,,  as  illustrated  in  tlie  above  graphic  representations. 
By  the  substitution  of  one  semimolecule  of  methyl  for  hydroxyl, 
a  well-defined  acid  (less  negative,  however,  tlian  arsenic  acid) 
is  produced,  monomethylarsenic  acid,  AsOMeHo,.  By  the 
replacement  of  a  second  semimolecule  of  hydroxyl  by  methyl, 
a  very  feeble  acid,  cacodylic  acid,  AsOlMe.Jlo,  is  obtained. 
By  the  replacement  of  the  third  semimolecule  of  hydroxyl 
by  methyl,  the  acid  properties  are  completely  destroyed,  a 
feeble  base,  the  arsenic  oxytrimethide,  being  formed,  AsOMOg. 
Finally,  by  the  substitution  of  methyl  and  hydroxyl  for  the 
remaining  atom  of  oxygen  there  is  produced  a  powerful  base, 
tetramethylarseuic  hydrate,  AsMe^Ho. 


The  following  is  a  list  of  the 

principal  organometallic 

bodies  at  present  known  : — 

I.  Organo-  compounds  containing 

monad  metals  ; — 

Potassio-zincic  methide . 

.  KMe,ZnMe.,. 

Potassio-zincic  ethide  . 

_  lvEt,ZnEt.,. 

Sodio-zincic  ethide . 

.  NaEt.ZnEt.,. 

Lithio-zineic  ethide  . 

.  LiEt,ZnEt.,. 

Lithio-mercuric  ethide  . 

.  LiEtjHgEt.,. 

II.  Organo-  compounds  containing  dyad  metals : — 

Magnesic  ethide . 

.  MgEt.,. 

Zincic  methide  . 

.  ZnMe,,. 

Zincic  ethide  . 

.  ZnEt... 

Zincic  amylide  . 

.  ZnAy„. 

INIercuric  methide  . 

.  HgMe„. 

Mercuric  ethide . 

.  HgEt, 

INIercuric  methiodide . 

.  HglNIel. 

Mercuric  ethouitrate . 

.  HgEtCJs'-Og). 

Stannous  ethide  . 

.  ''Sn''Et,.. 

Tellurium  methide  . 

.  TeMe... 

ORGANOMETALLIC  COMPOUNDS. 
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III.  Organo-  compounds  containing  triad  metals : — 

These  compounds  belong  to  tbe  11th  family  of  organic 
bodies,  and  have  been  treated  of  at  p.  202. 

lY.  Organo-  compounds  of  tetrad  metals  : — 

Stannic  methide .  SnMe^. 

Stannic  iodotrimethide  .  SnMegl. 

Stannic  iododimethide  .  SnMe.J^. 

Hypostaunic  ethide  .  'Sn'''.,Et|.. 

Stannic  ethylodimethide  .  SnEt„Me.,- 

Stannic  plienyl-triethide  .  SnPhEtj. 

Stannic  ethopheuyl-dichloride  .  SnPliEtClj. 

Hypostannic  ethodiiodide .  'Sn"’2Et^I,. 

Perplumbic  ethide  .  PbEt^. 

Perplumbic  chlorotriethide  .  PbEtgCl. 


V.  Organo-  compounds  of  pentad  metals  : — 

These  bodies  belong  to  the  11th  family  of  organic  com¬ 
pounds,  and  have  been  already  treated  of  at  pp.  211  and  211. 


— ,  1  .  i;  ». 
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Acetamide,  206. 

Acetic  series  of  acids,  114. 

„  series  of  acids,  relations  of,  to 
acrylic  series,  132.; 

„  series  of  acids,  relations  of,  to 
lactic  series,  142. 

Acetic  series,  relations  of  succinic 
series  to,  162.) 

Acetone,  187. 

,,  dietbylated,  187- 

„  dimethylated,  187. 

„  ethylated,  186. 

„  methylated,  187. 

Ace^l,  25. 

Acetylene,  21. 

,,  series  of  radicals,  21. 

Acetylic  chloride,  125. 

,,  nitride,  210. 

Acetylide  of  chopper,  23. 

Acid,  acetic,  123. 

„  aceto-lactic,  135,  137. 

„  acetonic,  150. 

,,  aconitic,  178. 

„  acrylic,  81,  111,  133. 

,,  adipic,  160. 

,,  alizaric,  177.  ^ 

„  alpha-cymic,  155. 

,,  alpha-toluylic,  155. 

,,  alpha-xylic,  155. 

„  amidocaproic,  150. 

„  amidodinitrophenylic,  69. 
j,  anehoic,  160. 

„  angelic,  130. 

„  anisic,  1.56. 

„  anthraflavic,  177. 

„  anthraquinonic,  176. 

„  aposorbic,  84. 

„  aracliidic,  116. 

„  atropic,  156. 

„  behenic,  116. 

„  benzenic,  155. 

„  benzoic,  155,  157,  180. 

„  brassic,  130. 

„  bromotricarballylic,  178. 


Acid,  bromphenylic,  69. 

„  butyric,  126. 

,,  cacodylic,  205,  214,  233,  234. 
,,  capric,  116. 

„  caproic,  115. 

„  caprylic,  115. 

„  carbolic,  67. 

„  carbomethylic,  144. 

„  cerotic,  ll6. 

„  chloropropionic,  147. 

,,  cimicic,  130. 

,,  cinnamic,  155. 

,,  citraconic,  166. 

,,  citric,  178. 

,,  collinic,  155. 

„  convolvulinoleic,  151. 

„  cresotic,  156. 

„  crotonic,  130. 

,,  )3  crotonic,  131. 

,,  cuminic,  155. 

,,  cyanic,  32. 

,,  cyanuric,  32. 

,,  damaluric,  130. 

,,  damolic,  130. 

„  desoxalic,  179. 

,,  dextrotartaric,  173. 

„  diamylacetic,  129, 

,,  dibromosuccinic,  168. 

„  dichloracetic,  124. 

„  dichlorphenylic,  69. 

„  diethacetic,  129. 

„  diethoxalic,  138. 

,,  dimethacetic,  128. 

„  dimethoxalic,  138,  150. 

„  dinitrophenylic,  69. 

„  disulphanthraquinonic,  176. 

„  doeglic,  130. 

,,  elaidic,  1.30. 

„  erucic,  130. 

„  erythric,  76. 

„  ethacetic,  126. 

,,  ethoinethoxalic,  138. 

„  ethylcrotonic,  131. 

,,  ethylglyeollic,  150. 
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Acid,  ethyl-lactic,  V.M. 

,,  formic,  121. 

,,  fulmimiric,  32. 

,,  fiimaric,  IGG. 

„  gaidic,  130. 

„  gallic,  157. 

„  glyceric,  80,  152. 

,,  glycolliiiriic,  157. 

„  glycollic,  71,  91,  136. 

,,  glycomalic,  173. 

,,  glyoxalic,  151. 

,.  glyoxylic,  1.52. 

,,  hemimellitic,  180. 

,,  hexahydrophthalic,  175. 

,,  hippurlc,  157. 

,,  homolactic,  14.5. 

,,  homotartaric,  173. 

,,  hyrenasic,  IIG. 

,,  hydrocyanic,  27,  49. 

,,  hydroferrocyanic,  31. 

,,  hypogacic,  130. 

,,  isobutyric,  128. 

„  isochloropropionic,  149. 

,,  isodibromosuccinic,  IGS. 

,,  isomaleic,  IGG. 

„  isophthalic,  180. 

,,  isopropaoetic,  115,  127. 

,,  iso.succiiiic,  IGG. 

,,  itaconic,  166. 

,,  itatartaric,  171. 

,,  jalapinoleic,  151. 

.,  iaetamic,  109,  147. 

;,  lactic,  109,  14.S,  147,  148. 
,,  locvotartaric,  174. 

,,  lauric,  IIG. 

„  lecanoric,  7G. 

„  leucic,  13G. 

„  maleic,  IGG. 

„  malic,  164, 172. 

,,  malonic,  148,  IGO. 

,,  mannitic,  84. 

„  margaric,  IIG. 

,,  melissio,  IIG. 

,,  mellilic,  179. 

„  mcllophanic,  180. 

„  mesaeonic,  IGG. 

,,  metagallic,  83. 

„  metalarlaric,  174. 

„  methaeelic,  125. 

„  methacrylic,  131. 

„  methethaeetic,  127. 

,,  methylcrotonic,  131. 

,,  metliylglycollic,  137,  145. 
„  methyl-lactic,  135. 


Acid,  monochloracetic,  124.  , 

,,  monomethylarsenic,  2l4,  2.33, 
2.34. 

,,  moringic,  1.30. 

,,  mucic,  84. 

,,  TTiyriatic,  IIG. 

,,  nitrophenylic,  G9. 

„  oenanthylic,  115. 

,,  oleic,  1.34. 

,,  or.sellinic,  7G. 

„  oxalic,  .34. 

„  oxamic,  35. 

„  oxybutync,  1.30. 

,,  oxymethyl-phenylformic,  15G. 
,,  palmitic,  IIG. 

,,  paralactic,  1.39,  145. 

,,  paraleucic,  1.39. 

,,  paraphlorotic,  156. 

,,  pelargonic,  115 
„  perchlorphenylie,  G9. 

,,  phenoic,  155. 

,,  phenomalic,  81. 

„  phenylic,  68. 

,,  phthalic,  180. 

„  physetoleic,  130. 

„  picramic,  G9. 

,,  picric,  G9. 

,,  ihmelic.  IGO. 

„  jirehnitic,  180. 

,,  propionic,  125. 

,,  propylacetic,  127. 

„  pyroitauric,  171. 

„  pyromellitic,  179,  180. 

„  pyrofartaric,  IGO,  171. 

„  pyroterebic,  130. 

„  pyruvic,  151. 

„  racemic,  174. 

„  ricinoleic,  151. 

„  roccellic.  KiO. 

„  saccharic,  84. 

,,  salicylic,  15G. 

„  sebacic,  IGO. 

„  silicopropionic,  220. 

„  stearic,  1 10. 

„  suberic,  IGO. 

,,  succiuethylic,  189. 

,,  succinic,  JG3. 

,,  suliihamylic,  88. 

,,  sul))homelhylic,  87,  99. 

,,  sul])hoviuic,  88.  . 

,,  tannic,  158. 

,,  tartaric,  83, 173. 

,,  tartaric  (inactive),  174. 

,,  tartronic,  80,  172. 
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Acid,  tartroplithalic,  176. 

,,  tereplitlialie,  180. 

,,  tetrahydroplithalic,  176. 

„  thymoHc,  lf)6. 

„  toluvlic,  loo. 

„  tricarballylic,  177,  178. 

„  trichloracetic.  I’dd. 

„  trichlorphenylic,  69. 

„  trimellitic,  180. 

,,  trimesic,  180. 

„  trimethacetic,  129. 

„  trinitro-orcinic,  76. 

„  trinitrophenylic,  69. 

„  valerianic,  126. 

„  valeric,  126. 

„  valeric  (isomeric  forms),  126. 

,,  valerolactic,  136. 

„  xylic,  loo. 

Acids,  acetic  or  fatty  series  of,  114. 

„  acetoid  series  of,  159. 

„  acrylic  series  of,  1.30. 

,,  benzoic  or  aromatic  series  of, 
153. 

„  clas.sification  of,  113. 

„  derivation  of,  from  alcohols, 
113. 

„  dibasic,  1.58. 

„  dibasic,  formation  of,  158. 

„  dibasic,  reactions  of,  158. 

„  dibasic,  fumaric  or  acryloid 

series  of,  166. 

,,  diba.sic,  other  series  of,  175.  . 

„  diba.sic,  succinic  or  acetoid 

series  of,  159. 

„  diba.sic,  tartaric  or  glyoxyloid 

series  of,  173. 

,,  fumaric  or  acryloid  series  of, 

166. 

,,  glyoxylic  series  of,  152. 

,,  hexabasic,  179. 

,,  lactic  series  of,  134. 

„  lactic  series  of,  classification 

of,  135. 

„  lactic  series  of,  definition  of, 

134. 

,,  lactic  series  of,  relations  to 

acetic  series,  142. 

,,  lactic  series  of,  relations  to 

acrylic  series,  142. 

„  law  of  basicity  of,  113. 

„  malic  or  lactoid  series  of,  172. 

,,  monobasic,  113. 

,,  normal  fatty,  ascent  of  the 

series,  121. 


Acids,  normal  fatty,  formation  of, 
117. 

„  normal  I’atty,  relations  of,  to 
CnH2H+ iHo  alcohols,  120. 
„  normal  fatty,  relations  of,  to 
CnH27H-i  radicals,  119. 

,,  normal  fatty,  relations  of,  to 
each  otlier,  121. 

„  normal,  of  acetic  series,  115. 

,,  norma],  of  acrylic  series,  1.30. 
„  normal,  of  acrylic  series,  for¬ 
mation  of,  131. 

„  normal  of  fatty  series,  forma¬ 
tion  of,  117. 

„  normal,  of  fatty  series,  occur¬ 
rence  of,  116. 

,,  normal,  of  lactic  series,  forma¬ 
tion  of,  141. 

„  of  acrylic  series,  relations  of, 
to  acetic  .series,  132. 

,,  of  lactic  series,  isomerism  of, 
143. 

„  olefine,  of  acrylic  series,  131. 

,,  olefine,  of  acrylic  series,  for¬ 
mation  of,  132. 

„  olefine,  of  lactic  series,  forma¬ 
tion  of,  141. 

„  oleic  series  of,  130. 

,,  organic,  112. 

,,  pyruvic  series  of,  151. 

„  secondary  fiitty,  128. 

„  secondary,  of  aci-ylic  series, 

131. 

,,  secondary,  of  acrylic  series, 

formation  of,  131. 

,,  secondary  of  lactic  series, 

137. 

,,  secondary,  of  lactic  series,  for¬ 
mation  of,  141. 

„  succinic  series  of,  159. 

„  succinic  series  of,  relations  to 

acetic  series,  162. 

„  succinic  series  of,  relations  to 
dyad  radicals,  161. 

,,  succinic  series  of,  relations  to 
lactic  series  and  to  glycols, 
161. 

„  tertiary  fatty,  129. 

,,  tetrabasic,  179, 

„  tribasic,  177. 

,,  tribasic,  aconitic  or  acryloid 
series,  177. 

, ,  tribasic,  ci  trie  or  lactoid  series, 
178. 
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Acids,  tribasio,  tricarballyllc  or  ace- 
toid  series,  177. 

Acridine,  200. 

Acrolein,  80,  110. 

Acryl,  2.5. 

Acrylic  series  of  acid.s,  1.30. 

Acrylic  series  of  acids,  relations  of, 
to  lactic  series,  142. 

Acryloid  or  fumaric  series  of  acids, 
166. 

,,  series  of  acids,  isomerism 
in,  166. 

Alanin,  100,  147. 

Alcohol,  allylic,  65. 

,,  atnylic,  52,  60. 

,,  benzylic,  67. 

,,  butylic,  52,  59. 

,,  caproylic,  52. 

,,  cap ry lie,  53. 

,,  cerotic,  53. 

,,  cetylic,  53. 

,,  cresylic,  67,  70. 

,,  cumylic,  67. 

,,  decatylic,  53. 

„  dimethylphenylic,  67. 

,,  ethylenic,  71. 

„  etbylic,  52,  57. 

„  lieptylic,  53. 

,,  liexylic,  52. 

„  isamylic,  52. 

,,  isobntylic,  52. 

,,  isopropylic.  60. 

,,  melissic,  53. 

,,  methylic,  52,  56. 

,,  nonylic,  53. 

„  octylic,  53. 

,,  cenanthylic,  53. 

,,  pentabydric,  84. 

„  pentylic,  .52. 

„  phenylic,  tertiary,  67,  68. 

„  phenylic,  substitution  pro¬ 

ducts  of,  60. 

„  propylic,  52,  .50,  62. 

,,  pseudamylic,  52. 

„  pseudobutylic,  62. 

,,  pseudoliexylic,  (iO. 

,,  stanntriethylic,  231. 

„  sulphur,  .50. 

,,  sycocerylic,  67. 

„  tctrabydric,  83. 

,,  tetrylic,  52. 

„  thy  my  lie,  67. 

,,  vinylic,  64. 

„  xylylic,  67. 


Alcoholates,  58. 

Alcohols,  49. 

,,  dihydric,  51. 

,,  dihydric,  glycol  series,  70. 

„  dihydric,  orcin  series,  74. 

,,  monohydric,  .50,  52. 

„  monohydric,  methyl  series. 

52. 

,,  monohydric,  methyl  series, 

normal,  .52. 

„  monohydric,  methyl  series, 

secondary,  52,  60. 

„  monohydric,  methyl  series, 

tertiary,  52,  62. 

„  monohydric,  phenyl  series. 

66. 

,,  monohydric,  phenyl  series, 

normal,  66,  67. 

,,  monohydric.  phenyl  series, 

tertiary,  67. 

,,  monohydric,  vinyl  series, 

63. 

„  polyhydric,  83. 

„  relations  of,  5,3. 

„  relations  of,  to  fatty  acids, 

120. 

„  secondary,  oxidation  of, 

62. 

,,  trihydric,  51. 

„  trihydric,  glycerin  series. 

77. 

„  trihydric,  pvrogallic  series. 

81. 

Aldehyde,  acetic,  108. 

,,  acrylic,  110. 

,,  benzoic.  111. 

,,  butyric,  108. 

,,  capric,  108. 

,,  cuminic.  111. 

,,  euodic,  108. 

,,  formic,  108. 

,,  lauric,  108. 

,,  cenanthic,  108. 

,,  palmitic,  10.'^. 

,,  propionic,  108. 

„  salicylic,  156. 

,,  valeric,  108. 

Aldehydes,  105. 

,,  definition  of,  105. 

,,  derived  from  the 

C„1T  .„4.iIIo  alcohols. 
108. 

„  from  the  C,|irL>„-iIIo  al¬ 

cohols,  110. 
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Aldehydes  from  the  C„II2h-7IIo  al¬ 
cohols,  111. 

„  preparation  of,  105. 

„  reactions  of,  107. 

Alizarin,  176. 

Alkalamides,  209. 

„  constitution  of,  209. 
Alkaloids,  artificial,  191. 

,,  from  cinchona,  201. 

,,  from  nightshade,  202. 

,,  from  mix  vomica,  202. 

„  from  opium,  201. 

,,  from  tea,  colfee,  and  cocoa, 

202. 

„  from  tobacco,  202. 

„  the  natural,  201. 

Allyl,  13. 

Allylamine,  192. 

Allylene,  21. 

Allylic  iodide,  79,  94. 

„  sulphide,  66. 

„  sulphocyanate,  66. 

Aluminic  ethide,  226. 

Amarine,  200. 

Amides,  190,  205. 

„  definition  of,  205. 

Amines,  191. 

,,  classification  of,  191. 

„  diacid  salts  of,  213. 

,,  monacid  salts  of,  21.3. 

„  normal  salts  of,  212. 

,,  salts  of,  212. 

Ammonia-boric  ethide,  218. 

,,  methide,  2-16. 

Ammonia  type,  4,  5. 

Ammonic  chloride  type,  4,  5. 
Amoxyl,  5. 

Amygdalin,  112. 

Amyl,  11. 

Amylamine,  192. 

Amyl  benzol,  14. 

Amylene,  17. 

Araylenic  chloride,  103. 

„  bromide,  103. 

,,  oxide,  90. 

Amyl  glycerin,  78. 

Amylic  iodide,  102. 

Amylide,  zincic,  234. 

Amyl  toluol,  14. 

„  xylol,  15. 

Anhydride,  acetic,  182. 

,,  acetobenzoic,  183. 

„  benzoic,  183. 
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Anhydride,  butyric,  182. 

,,  caproic,  183. 

,,  caprylic,  183. 

,,  lactic,  183. 

,,  oenanthylic,  183. 

,,  palmitic,  183. 

,,  pelargonic,  183. 

,,  propionic,  182. 

„  silico-formic,  218. 

,,  succinic,  184. 

,,  valeric,  182. 

Anhydrides,  181. 

„  conversion  into  acids, 

182,  183. 

„  definition  of,  181 . 

,,  of  the  dihydric  dibasic 

acids,  184. 

„  of  the  dihydric  mono¬ 

basic  acids,  183. 

„  of  the  monohydrie  mo¬ 

nobasic  acids,  182. 

Aniline,  191. 

Aniline  blue,  198. 

,,  violet,  198. 

Anthracene,  176. 

Anthraquinone,  176. 

Antimonic  acids,  organic,  215. 
Antimony,  organic  compounds  of, 
190. 

Arbutin,  75. 

Aricine,  201. 

Aromatic  series  of  acids,  153. 
Arsenic  acids,  organic,  214. 

Arsenic,  organic  compounds  of,  190. 
Arsenic  oxydichlormethide,  214. 

,,  oxytrimethide,  233,  234. 

„  tetrachlormethide,  214. 

,,  trimetho-dichloride,  214. 

,,  trimethoxide,  214. 

Arsenious  oxybases,  204. 

Arsine  triethyl,  204. 

,,  trimethyl,  204. 

Arsines,  190,  202. 

„  salts  of,  214. 

Ascent  of  the  alcohol  series,  55. 
Atropine,  202. 

Azobenzol,  48. 

Bases,  caustic  antimony,  211. 

„  caustic  arsenic,  21 1. 

,,  caustic  nitrogen,  211. 

„  caustic  phosphorus,  211. 

„  imidogen,  193. 
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Bases,  organic,  191. 

,,  osyantimonic,  212. 

,,  oxyarsenic,  211. 

Benzamide,  20{). 

Benzene,  44. 

Benzine,  44. 

Benzoic  series  of  acids,  153. 

Benzol,  42,  44. 

,,  bromocompounds  of,  45. 

,,  chlorocon  I  pounds  of,  47. 

„  substitution  derivatives  of, 

43. 

Benzonitrile,  1.54. 

Benzophenone,  188. 

Benzoyl,  liydride  of.  111. 

Benzyl,  14. 

Betaorcin,  74. 

Bicarburet  of  hydrogen,  44. 

Bismuthines,  190,  202. 

Bismuthine  triethyl,  204. 

Boric  diethocbloride,  217. 

,,  etbide,  217. 

„  etho-diethylate,  218. 

,,  etlio-dihydrate,  218. 

,,  metbide,  21(3. 

Bromacetylene,  24. 

Broniethylene,  103. 

Broinbydrin,  104. 

Brucine,  202. 

Butoxyl,  5. 

Butyl,  11. 

Butylamine,  192. 

Butylene,  17. 

Butylenic  bromide,  103. 

,,  chloride,  103. 

Butylic  iodide,  83. 

liutyrone,  187. 

Cacodyl,  205. 

Cacodylic  acid,  205,  214. 

„  chloride,  205. 

,,  oxide,  205. 

,,  trichloride,  214. 

Calfcine,  202. 

Caproyl,  11. 

Cajirylcne,  18. 

Carbinol  diclhyl-propyl,  02. 

,,  dimethyl,  00. 

,,  dimethyl-ethyl,  02. 

,,  dimethyl-isopropyl,  02. 

,,  dimethyl-propyl,  (>2. 

„  methyl-butyl,  OO. 

,,  methyl-diethyl,  02. 


Carbinol  methyl-ethyl,  00. 

.,,  methyl-hexyl.  00. 

,,  methyl-i.sopropyl,  60. 

,,  methyl-nonyl,  OO. 

„  methyl-propyl,  00. 

,,  triethyl,  (32. 

,,  trimethyl,  62. 

Carburetted  hydrogen,  light,  .39. 
Caustic  antimony  bases,  211. 

„  arsenic  bases,  211. 

,,  nitrogen  bases,  211. 

„  phosphorus  bases,  211. 
Cerotene,  18. 

Cetene,  18. 

Chloracetamide,  200. 

Chlorifl,  1 10. 

,,  alcoholate,  110. 

,,  hydrate,  110. 

Chloranil,  70. 

Chloraniline,  210. 

Chlorether,  228. 

Chlorhydrate,  ethylenic,  95. 
Chlorhydrin,  95,  i04. 

Chloride,  methylic,  101. 

Chlorine,  action  of.  on  the  radicals 
of  the  ethylene  series,  18. 
Chloro-compounds  of  benzol,  47. 
Chloroform,  100. 

Chloropropionylic  chloride,  142. 
Clirysaniline,  199. 

Cinchonine,  201. 

Citramide,  209. 

Citryl-triphenyl-triainide,  209. 
Classification  of  organic  compounds, 

8. 

Codeine,  201. 

Collidine,  194. 

Comfiound  organic  radicals,  9. 

,,  negative  radicals,  hy¬ 

drides  of,  37,  49. 

„  oxamides,  30. 

,,  po.sitivc  radicals,  hy¬ 

drides  of,  37. 

Compounds,  organic,  definition  of, 

1. 

Condensed  diadelphie  type,  5. 
Conine,  193. 

Constituents  of  organic  comjDOunds, 

^  •  « 

Crotonylene,  21. 

Cryptopine,  201. 

Cumol,  42. 

Cuprosovinylic  ether,  23. 
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Cyamelide,  32. 

Cyanethine,  201. 

Cyanic  bydvide,  49. 

Cyanides,  double,  29. 

,,  easily  decomposable,  30. 

,,  single,  29. 

Cyaninethine,  201. 

Cyanogen,  2(5,  27. 

„  chlorides  of,  32. 

Cyuiol,  42. 

Definition  of  compound  organic  ra¬ 
dicals,  2. 

„  oi’ganic  compounds,  1. 

Derivatives  of  glycol,  72. 

Derivatives,  substitution,  of  benzol, 
45. 

Development  of  formula;,  6,  7,  8. 

Diacetic  glycol,  189. 

Diacetimide,  207. 

Diacetin,  189. 

Diadelphic  type,  4,  5. 

Dialkalamides,  209. 

Diamides,  207. 

,,  constitution  of,  207. 

„  formation  of  primary, 
208. 

„  primary,  208. 

„  secondary,  208. 

„  tertiary,  208. 

Diamines,  191, 195. 

,,  formation  of,  195. 

,,  monacid  salts  of,  213. 

„  normal  salts  of,  213. 

„  oxides  of,  19G. 

„  primary,  195. 

,,  .secondary,  195. 

„  tertiary,  195. 

Dibasic  acids,  158. 

„  anhydrides  of,  184. 

,,  fumaric  or  acryloid 

series  of,  100. 

Dibrombenzol,  45. 

Dibutylamine,  19.3. 

Dibutyraldine,  20(1. 

Dicbloraniline,  210. 

Dichlorbenzol,  47. 

Dichlorhydrin,  90,  104. 

Dichlorinated  metbylic  chloride, 
100. 

Dichlorinated  raethylic  ether,  87. 

Diethylaniine,  19.3. 

Diethylamnionic  iodide,  193. 


Dietbylatcd  acetone,  187. 

,,  ethylic  ether,  228. 
Diethylbenzol,  43. 

Diethylene  triammonic  dichloridc, 
213. 

„  triammonic  monochlo¬ 

ride,  213. 

„  triammonic  trichloride, 

213. 

Diethyl  oxamide,  209. 
Diethylphosphonic  zincic  iodide, 
202. 

Diethyl  urea,  197. 

Dihydric  alcohols,  70,  74. 
Dimethylamine,  193. 
Dimelliylaniline,  195. 

Dimethylated  acetone,  187. 
Dimethylcumidine,  195. 
Dimethylcymidine,  195. 
Dimethyloxamide,  30. 
Dimethylphenylammonic  chloride, 
194. 

Dimethyltoluidine,  195. 
Dimethyltolylammonic  chloride, 
194. 

Dimethylxylidine,  195. 
Dinitrobenzol,  49. 

Diphenyl-carbonyl-oxalyl  diaraide, 
209. 

Diphenyloxamide,  30. 

Diphenyl  rosaniline,  198. 

Disilicic  hexachloride,  219. 

Disilicic  oxy-hexaethide,  220. 

,,  oxy-hexaethylate,  220. 

,,  oxy-hexamethylate,  219. 
Double  cyanides,  29. 

,,  monadclphic  type,  5. 

Dyad  positive  radicals,  9,  10,  21,  24. 

,,  action  of  chlo¬ 

rine  on,  18. 
„  haloid  ethers 

of,  102. 

,,  reactions  of 

ethylene  se¬ 
ries  of,  18. 

Elaldehyde,  109. 

Epichlorhydrin,  90,  105. 

Erythrito,  83. 

Erythroglucin,  83. 

Erytliromannite,  83. 

Ether,  85. 

„  allylic,  89, 
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Etlier  amylip,  80. 

,,  benzylic,  89. 

„  butylic,  86. 

,,  ciiprosovinjlic,  23. 

„  dietbylatrcl  elliylic,  228. 

„  dimeilincetic,  128. 

,,  disodacetio,  128. 

,,  etliylenic,  00. 

,,  etliylic,  8.5,  87. 

,,  etbjlic  amylie,  86. 

„  etliylic  butylic,  86. 

„  glycylic,  03. 

,,  met  hylic,  85,  87. 

„  metbylic  aniylic,  85. 

,,  metbylic  etbylic.  85. 

,,  monosodacetic,  121. 

,,  pbenylic,  80. 

,,  pbenylbenzyl,  00. 

,,  stanntrietbylic,  231. 

,,  suljibometbylic,  100. 

„  sulpliui'ic,  87. 

,,  trimetbacetic,  129. 

Ethers,  85. 

„  formation  of,  86. 

,,  haloid,  03. 

„  haloid,  of  the  dyad  positive 

radicals,  04,  102. 

„  haloid,  of  the  monad  positive 

radicals,  03,  96. 

,,  haloid,  of  the  triad  230sitive 

radicals,  05, 104. 

,,  of  the  dihydric  alcohols,  8.5, 

OO. 

,,  of  the  methyl  series,  85. 

,,  of  the  monohydric  alcohohs, 

85. 

,,  of  the  jihcnyl  series,  80. 

,.  of  the  trihydric  alcohols,  85, 

93. 

,,  of  tlie  vinyl  series,  89. 

Ethereal  salts,  188. 

,,  salts,  decomposition  of,  190. 

,,  salts,  dcdnition  of,  188. 

,,  salts  of  dihydric  alcohols, 

189. 

„  salts  ol  dibasic  acids,  180. 

,,  salts  of  dibasic  acids,  acid, 

180. 

,,  saltsof  dibasicacids,  normal, 

180. 

„  saltsof  monobasieacids,18',l. 

,,  salts  of  monohydric  alco¬ 

hols,  180. 


Ethereal  salts  of  tribasic  acids,  180. 
,,  salts  of  tribasic  acids,  acid, 

180. 

„  salts  of  tribasic  acids,  nor¬ 

mal,  189. 

,,  salts  of  trihydric  alcohols, 

189. 

,,  .salts,  production  of,  188. 

Ethide,  boric,  217. 

„  hypostannic,  2.30. 

,,  lithiomereuric.  234. 

„  lithiozincic,  234. 

,,  magnesic,  2.34. 

,,  mercuric.  225. 

,,  perplumbie.  231. 

,,  potassic,  232. 

„  potassio-zincic.  2-34. 

„  sodio-zincic,  234. 

,,  stannic,  225. 

„  stannous,  230. 

,,  tellurium,  231. 

.,  zincic,  225. 

Ethobromide,  mercuric,  220. 
Ethodimethide,  stannic,  230. 
Ethodiniodide,  hypostannic,  230. 
Ethohydrate,  mercuric,  2.30. 
Ethonitrate,  mercuric,  234. 

Ethoxyl,  5. 

Ethyl  11,  12. 

Ethyl  acetamide,  209. 

,,  acetone,  187. 

,,  acetyl,  187. 

,,  butyral,  187. 

,,  diaeetamide,  209. 

,,  propionyl,  187. 

,,  urea,  106. 

Ethylamine,  00,  102. 

Ethylammonic  chloride,  212. 

,,  iodide,  09. 
Ethylamvlamine,  103. 

Ethylated  acetone,  187. 

Ethylene,  16,  20. 

,,  and  ethylidene  compounds, 

isomerism  of,  10,  146. 

,,  compounds.  IS. 

,.  diamine,  107. 

Ethylenc-diammonic  dibromide,  10i‘>. 

„  dichloride,  213. 

,,  monochloride, 

•  213. 

,,  oxide,  lot). 

Ethylene  diethyl  diamine,  107. 

,,  series,  16. 
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Ethylene  series  of  radicals,  action 
of  chlorine  on,  18. 

„  series  of  radicals,  prepara¬ 
tion  of,  10. 

Ethylenic  bromide,  103. 

„  chloride,  102. 

„  chlorliydrate,  95,  102. 

„  cyanide,  104. 

,,  dichloride,  95. 

„  ether,  90. 

„  iodide,  10.3. 

,,  iodhydrate,  102. 

,,  nitrile,  104. 

,,  oxide,  90. 

„  oxide,  isomers  of,  91. 

„  oxide,  reactions  of,  91. 

Ethylic  acetate,  189. 

,,  borate,  217. 

,,  cliloride,  101. 

,,  a  cyanpropionate,  166. 

„  /3  cyanpropionate,  165. 

„  diethaceto-acetate,  186. 

„  diethoxalate,  229. 

„  disodacetate,  185. 

„  disodacetoacetate,  186. 

„  ethacetoacetate,  186. 

„  ether,  90. 

„  ethylozincie  diethoxalate,229. 
,,  iodide,  101. 

,,  sodacetoacetate,  186. 

„  succinate,  189. 

„  sulphhydrate,  59. 

„  sulphide,  89. 

,,  trisodacetate,  186. 

Ethylidene  and  ethylene  compounds, 
isomeri.sm  of,  19,  146. 
„  compounds,  19. 

„  cyanhydrate,  147. 

,,  dichloride,  109. 

Ethylochlorether,  228. 

Ethylo-zincic  dinitroethylate,  229. 

,,  ethylic  diethoxalate, 

229. 

Ethyl -phenyl,  43. 

Ethyl-phenylamine,  193. 

Ethyl-phenylammonic  iodide,  193. 

Ethyl-xylol,  43. 

Fatty  acids,  normal,  115. 

,,  acids,  secondary,  128. 

„  acids,  tertiary,  129. 

„  series  of  acids,  1 14. 

Ferricyanide,  pota.ssic,  31. 


Ferrocyanide  potassic,  30. 

Fire-damp,  39. 

Formula.',  derelopment  of,  6. 

„  graphic,  of  organic  com¬ 
pounds,  7. 

Formyl,  25. 

Formyl-diphenyl  diamine,  98. 

Fumaric  or  acryloid  series  of  acids, 
166. 

,,  series  of  acids,  isomerism 
in,  166. 

Furfurine,  200. 

Gaultheria  procumbens,  oil  of,  56. 

Glucose,  84. 

Glycerin,  77,  78. 

,,  relations  of,  79,  80,  81. 

Glycol,  acetobutyric,  73. 

„  amylic,  70. 

„  bromethylic,  72. 

„  bromhydric,  72. 

„  butylic,  70. 

„  chlorhydric,  72,  102.  ' 

,,  cyanhydric,  148. 

„  derivatives  of,  72. 

„  diacetic,  71,  189. 

,,  diethylenic,  73. 

,,  diethylic,  72. 

„  disodic,  72. 

„  ethylic,  71. 

,,  hexethylenic,  73. 

,,  hydric  ethylic,  72. 

,,  iodhydric,  1U2. 

,,  monacetic.  72,  103,  189. 

,,  monosodic,  72. 

,,  pentethylenic,  73. 

„  propylic,  70. 

„  sulphur,  72. 

,,  tetrethylenic,  73, 

„  triethylenic,  73. 

Glycollic  acetobroinide,  72. 

Glycols,  70. 

,,  polyethylenic,  73. 

„  relations  of  succinic  series 

to,  161. 

Glycolyl,  25. 

Glyoxal,  1 52. 

j  Glyoxyloid  .series  of  dibasic  acids, 

1 

i  Graphic  formula)  of  organic  com- 

[  pounds,  7. 

Guanidine,  2(X). 

1  Guanine,  200. 


246 


INDEX. 


Haloid  compounds  of  oxybases,  190, 
210. 

,,  ethers,  9.3. 

„  ethers  of  the  dyad  positive 

radicals,  94,  102. 

,,  ethers  of  the  monad  positive 
radicals,  93. 

„  ethers  of  the  triad  positive 
radicals,  95,  104. 

Ileptylene,  18. 

Hexylene,  17. 

Hofmann’s  violet,  199. 

Homopyrocatechin,  74. 

Hydrazobenzid,  48. 

Hydride,  amylic,  39,  41. 

,,  biitylic,  39. 

.,  caproylic,  39. 

,,  cyanic,  49. 

,,  deoatylic,  .39. 

„  dodecatylic,  39. 

,,  endecatylic,  39. 

,,  ethylic,  39,  40. 

,,  heptylic,  39. 

,,  hexylic,  39. 

„  methylic,  39. 

„  nonylic,  .39. 

„  octylic,  39. 

,,  oxatylie,  49. 

„  pentadecatylic,  39. 

„  pentylic,  39. 

,,  phenylic,  44. 

„  propylic,  39. 

,,  tetradecatylic,  39. 

„  tetrylic,  39. 

,,  tridecatylic,  39. 

„  tritylic,  39. 

Hydrides  of  compound  negative  ra¬ 
dicals,  37,  49. 

„  of  compound  po.sitive  ra¬ 
dicals,  37. 

,,  of  the  radicals  of  the  me¬ 
thyl  series,  .37. 

,,  of  the  radicals  of  the  me¬ 
thyl  series,  preparation 
of,  38. 

,,  of  the  radicals  of  the  phe¬ 
nyl  scries,  42. 

Hydrochloric  glycidc,  9t),  105. 

ITydrocoturnine,  201. 

Hydrogen,  bicarburct  of,  44. 

Hydroq\iinone,  7.5. 

Hydrosulphate  of  ethyl,  59. 

Hypostannic  ethidc,  230. 


Hypostannic  ethodiiodide,  2.30. 

Imides,  190,  210. 

,,  general  formula  of,  210. 
Tmidogen  bases,  193. 

Introduction  to  organic  chemistrv, 

1. 

Iodide,  phosphonic.  202. 
lodbydric  glycol,  102. 
lodhydrin,  93. 
lododiethide,  stannic,  2.30. 
lodotriethide,  stannic,  2.30. 
Isobutylene,  17. 

Isomeric  forms  of  valeric  acid, 

120. 

Isomerism  in  fuinaric  or  acryloid 
series.  160. 

,,  in  the  lactic  series,  143. 

„  of  ethylene  and  ethyli- 

dene,  140,  168. 
Isopropylic  alcohol,  01. 

,,  iodide,  79. 

„  nitrile,  128. 

Ketones,  184. 

„  formation  of,  185. 

„  isomerism  of,  187. 

„  list  of,  1S7. 

KetoTies  of  the  C„H2„_7  series, 
188. 

Lactic  series  of  acids,  relations  of,  to 
acetic  series,  142. 

,,  series  of  acids,  relations  of,  to 
acrylic  series,  142. 

,,  series  of  acids,  relations  of 
succinic  series  to,  161. 
Lactide,  18,3. 

Lactoid  series  of  dibasic  acids,  172. 
Lactyl,  25. 

Lauclanosine,  201.  • 

Lead. 

I’erplumbic  chlorotriethide. 
231. 

,,  ethide,  231. 

,,  triethohydrate, 

231. 

Leucin,  1.50. 

Leukaniline,  199. 

Light  carburetted  hydi'oeen,  39. 
Litliiomercuric  ethide,  2.'j4. 
Lithiozineic  ethide,  234. 

Lutidine,  194. 
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Magenta,  198. 

Magnesic  ethide,  234. 

Malic  series  of  acids,  172. 

Malonyl,  25. 

Maunite,  84. 

Marsh-gas,  39. 

Marsh-gas  series,  hydrides  of,  37. 

„  type,  4. 

Mauveiue,  198. 

Meadow-sweet,  oil  of,  156. 

Melene,  18. 

Mendiiis's  reaction,  55. 

Mercaptan,  59. 

Mercury. 

Mercuric  amylide,  226. 

„  ethide,  225,  234. 

„  ethiodide,  225. 

,,  ethobroniide,  229. 

,,  ethohydrate,  230. 

„  ethonitrate,  234. 

,,  iodethide,  232. 

„  methide,  229,  234. 

„  methiodide,  229,  2.34. 
,,  inethohydrate,  230. 

„  naphthide,  226. 

Organo-  compounds,  225,  229, 
232. 

Metaldehyde,  109. 

Methide,  aluminic,  232. 

„  boric,  216. 

,,  mercuric,  234. 

„  potassio-zincic,  234. 

,,  tellurium,  234. 

„  zincic,  228,  234. 

Methoxyl,  5. 

Metliyl,  11. 

Methyl  acetone,  187. 

,,  benzol,  188. 

„  benzoyl,  188. 

„  series,  hydrides  of  the  radi¬ 

cals  of,  37. 

„  series  of  alcohols,  52. 

,,  series,  normal  alcohols  of, 

52,  53. 

,,  series,  .secondary  alcohols  of, 

52,  60. 

„  .series,  tertiary  alcohols  of, 

.52,  62. 

„  series,  normal  radicals  of,  10. 

,,  series,  preparation  of  normal 

radicals  of,  11. 

,,  series,  secondary  radicals  of, 

10. 


Methyl  series,  tertiary  radicals  of, 
10. 

„  type,  4. 

,,  valeral,  187. 

Methylamine,  192. 

Methylated  acetone,  187. 

Methylenic  cliloride,  102. 

,,  iodide,  102. 

Methylethylamine,  193. 
Metliylethyl-phenylamine,  194. 
Methylic  borate,  215. 

„  chloride,  99. 

,,  chloride,  dichlorinated, 

100. 

,,  chloride,  monochlorinated, 

100. 

,,  chloride,  trichlorinated, 

100. 

„  iodide,  102. 

„  nitrile,  119. 

,,  oxide  (Methylic  ether),  87. 
Methylo-zincic  dinitromethylate, 
229. 

Methylphenyl,  42. 

Methylphenyla  mmonic  chloride, 

194. 

Methyl  xylol,  4.3. 

Monacetic  glycol,  189. 

Monacetin,  189. 

Monad  positive  radicals,  10. 

„  positive  radicals,  haloid 
ethers  of,  93,  96. 
Monadelphie  type.  4,  5. 
Monalkalamides,  209. 

Monamides,  206. 

,,  formation  of  primary, 

206. 

„  primary,  206. 

„  reactions  of  primary, 

207. 

,,  secondary,  207. 

„  tertiary,  207. 

Monamines,  191. 

,,  formation  of  primarv, 

191. 

„  formation  of  secondary, 

193. 

,,  formation  of  tertiary, 

193. 

„  methyl  seriesofprimary, 

191. 

„  methyl  series  of  secon¬ 

dary,  192. 
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Monamines,  phenyl  scries  of  pri¬ 
mary,  191. 

,,  phenyl  series  of  secon¬ 

dary,  192. 

„  primary,  191. 

„  reactions  of  primary, 

192. 

„  recognition  of  primary, 

195. 

,,  recognition  of  secon¬ 

dary,  195. 

,,  recognition  of  tertiary, 

195. 

,,  secondary,  191,  192. 

,,  tertiary,  191,  193. 

„  vinyl  series  of  primary, 

191. 

,,  vinyl  serie.s  of  secon¬ 

dary,  192. 

Monobasic  acids,  anhydrides  of,  182, 
183. 

,,  organic  acids,  113. 

Monobrombenzol,  4.5. 

Monobroraorcin,  76. 

Monochlorbenzol,  47. 

Monochlorhydrin,  79. 

Mouochlorinated  methvlic  chloride, 
160. 

„  propylic  glycol, 

79. 

Mouohydric  alcohols,  52,  63,  66. 

,,  alcohols,  secondary, 

(it). 

„  alcohols,  tertiary,  62, 

67. 

,,  alcohols,  normal,  of  the 

phenyl  serie.s,  ()6. 

,,  alcohols  of  the  phenyl 

series,  66. 

,,  alcoliols  of  the  vinyl 
series,  6.3. 

Monomethylarsenic  acid,  214,  233. 

Morphine,  201. 

Narceine,  201. 

Narcotine,  201. 

Natural  alkaloids,  201. 

Negative  com)iound  radicals,  hy¬ 
drides  of,  49. 

„  organic  radicals,  9,  25. 

Nicholson’s  yellow,  1 99. 

Nicotine,  202. 

Nitraniline,  49. 


Nitrides,  general  formula  of,  210. 

,,  negative,  210. 

Nitrile,  ethylenic,  104. 

,,  isopropylic,  128. 

„  methylic,  1 1 9. 

Nitriles,  preparation  of,  97. 
Nitrobenzol,  4.3,  47. 

Nitrocumol,  43. 

Nitrocvmol,  4.3. 

Nitrogen,  caustic  bases  of,  211. 

,,  compounds  of  triad,  and 

its  analogues,  190. 

,,  compounds  of  pentad,  and 

its  analogues,  211. 

„  organiccompoundsof,  190. 

Nitropentol,  43. 

Nitrotoliiol,  43. 

Nitroxylol,  43. 

Nonylene,  18. 

Normal  acids,  114. 

,,  acids  of  theacrylic  series,1.30. 

,,•  acids  of  the  lactic  series,  1.35. 

„  fatty  acids,  115. 

,,  monohydric  alcohols  of  phe¬ 

nyl  series,  66,  (i7. 

„  olefine  acids  of  the  lactic 
series,  139. 

,,  radicals  of  methyl  series.  11. 

„  radicals  of  methyl  series, 

preparation  of,  11. 

„  salts  of  amines,  213. 

Octylene,  18. 

Qinanthylene,  18. 

Oil  of  bitter  almonds.  111. 

,,  of  Gaultheria  procumbens,  56. 
Olefine  type,  5. 

Oleic  series  of  acids,  130. 

Orcein,  77. 

Orcin,  76,  77. 

Organic  antimonic  acids,  215. 

,,  arsenic  acids,  214. 

,,  arsenic  chlorides,  214. 

„  arsenic  oxychlorides,  214. 

,,  bases,  191. 

„  compounds,  definition  of,  1. 

„  compounds,  ela.ssifieation  of, 

8. 

,,  compounds,  Qleraents  con¬ 

tained  in,  1,  2. 

,,  compounds,  graphic  for¬ 

mula'  of,  7,  8. 

,,  compounds,  notation  of,  3. 
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Organic  radicais,  3. 

„  radicals,  compound,  defini¬ 
tion  of,  2. 

,,  radicals,  negative,  9. 

,,  radicals,  positive,  9. 

Organo-aluminic  compounds,  232. 

,,  antimonj  comjjounds,  233. 

„  arsenic  compounds,  233. 

„  bismuth  compounds,  233. 

„  boron  compounds,  215. 

„  boron  compounds,  definition 
of,  215. 

,,  cadmium  compounds,  232. 

,,  lead  compounds.  231 . 

„  magnesium  compounds.  232. 
„  mercury  compounds,  229. 

„  potas.sium  compounds,  227. 
„  silicon  compounds,  215, 
218. 

„  sodium  compounds,  227. 

,,  telluriiun  compounds,  231. 
,,  tin  compounds,  2.30. 

„  zinc  compounds,  227,  232. 

Organometallic  bodies,  223. 

,,  bodies,  constitution 

of,  231. 

„  bodies,  definition  of, 

223. 

,,  bodies,  formation  of, 

225. 

„  bodie.s,  reactions  of, 

227. 

„  bodie.s,  types  of,  232. 

Oxainide,  3G,  208. 

Oxamides,  compound,  30. 

Oxatyl,  20,  32. 

Oxatylic  hydride,  49. 

Oxyantimonic  bases,  212. 

,,  bases,  .salts  of,  214. 
Oxyar.senic  bases,  211. 

,,  bases,  salts  of,  214. 
Oxybases,  190,  204. 

,,  arsenious,  204. 

„  haloid  compounds  of,  190, 

210. 

Oxyphenol,  74. 

Papaverine,  201. 

Paraffin,  41 . 

Paraldehyde,  109. 

Parainylene,  18. 

Parvoline,  194. 

Pentol,  42. 


Perchlorinated  methylic  ether,  87. 
Phenyl,  15. 

Phenyl  series,  ethers  of,  89. 

,,  serie.s,  hydrides  of  the  radi¬ 
cals  of,  42. 

„  series,  monohydric  alcohols 
of,  00. 

,,  series,  normal  monohydric 
alcohols  of,  00. 

,,  series,  radicals  of,  14. 

,,  series,  tertiary  alcohols  of, 

07,  08. 

Phenylaraine,  192. 

Phenylene  diethylic  ketone,  188. 

,,  series  of  radicals,  24. 
Phenyl  formamide,  98,  154. 
Phenylic  cyanide,  98. 

„  hydride,  44. 

„  iodide,  94. 

Phenyl  rosaniline,  198. 
Phloroglucin,  81. 

Phlorol,  07. 

Phosphine,  diethyl,  203. 

,,  dimethyl,  203. 

,,  ethyl,  203. 

„  methyl,  203. 

„  triethyl,  204.  • 

„  trimethyl,  204. 

Phosphines,  190,  202. 

„  primary,  202. 

„  .salts  of,  214. 

,,  secondary,  202. 

,,  tertiary,  203. 

Phosphonic  iodide,  202. 

Phosjjhoric  triethoxide,  204. 
Phosphorus,  oi-ganie  compounds  of 
190. 

Phthalylic  chloride,  188. 

Phycite,  83. 

Picoline,  194. 

Picroerythrin,  70. 

Pinite,  84. 

Piperidine,  19.3. 

Polyliydric  alcoliols,  8.3. 

Positive  compound  radicals,  hydrides 
of,  37. 

„  dyad  radicals,  haloid  ethers 
of,  94,  102. 

,,  monad  radicals,  haloid  ethers 
of,  93,  90. 

„  organic  radicals,  9. 

,,  triad  radicals,  haloid  ethers 
of,  95,  104. 
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Potassium. 

Potassic  cyanate,  29. 

„  ethicle,  2.32. 

„  ferricyanicle,  31. 

„  ferroeyanide,  30. 

„  .succinate,  104. 

,,  sulphocyanate,  32. 
Potassiozincic  etliide,  2.34. 

,,  methide,  234. 
Propione,  187. 

Propoxyl,  5. 

Propyl,  1 1. 

Propylene,  17. 

Proj)ylenic  bromide,  103. 

,,  chloride,  103. 

,,  iodide,  103. 

,,  oxide,  90. 

Propylic  glycol,  monochlorinated, 
79. 

Propylic  iodide,  94. 

Protopine,  201. 

Prussian  blue,  31. 

Pseudobutylene,  17. 

Pseudorcin,  83. 

Pyridine,  194. 

Pyrocateehin,  74. 

Pyrogallin,  81,  82. 

Pyroxylic  spirit,  56. 

Quercite,  84. 

Quinine,  201. 

Quinone,  75. 

Kadicals,  acetylene  series  of,  21. 

„  dyad  positive,  16. 

„  dyad,  relations  of  succinic 

series  to.  161. 

,,  haloid  ether.s  of  the  dyad 
])o.sitive,  94,  102. 

,,  haloid  ethers  of  the  monad 

positive,  9.3,  9(). 

,,  haloid  ethers  of  the  triad 

positive,  9.5,  104. 

,,  hydrides  of  positive  com¬ 

pound,  37. 

,,  monad  positive,  10. 

,,  monad,  relations  of,  to 
fatty  acids,  1  It). 

„  negative,  hydrides  of,  37, 
49. 

„  normal,  of  the  methyl  se¬ 
ries,  11. 


Eadicals,  norni.al,  of  the  methyl  se¬ 
ries,  preparation  of,  11. 

,,  of  the  jihenylene  series,  24. 

,,  of  the  phenyl  series,  14. 

„  of  the  phenyl  .series,  hy¬ 
drides  of,  42. 

,,  of  the  vinyl  series,  13. 

,,  organic,  3. 

,,  secondary,  of  the  methyl 
series,  10. 

„  tertiary,  of  the  methyl  se¬ 

ries,  10. 

,,  triad  positive,  25. 

Resorcin,  74. 

Rosaniline,  198. 

Salts,  ethereal,  188. 

Secondary  monohydric  alcohols,  60. 
,,  radicals  of  the  methyl 
series,  13. 

Silicic  aceto-triethylate,  220. 

,,  acetylate,  220. 

„  chloroform,  218. 

„  chlortriethide,  220. 

,,  chlortriethylate,  220. 

,,  dichlorethide,  220. 

,,  dichlorethylate.  220. 

„  dieth-ethylate,  220. 

,,  dietho-chlorethylate,  220. 

,,  diethoxide,  220. 

,,  dimethylate  ethylate,  220. 

,,  ethide,  221. 

,,  ethotriethvlate,  220. 

„  ethylate,  220. 

,,  hycirotriethylate,  220. 

,,  methide,  219,  221. 

,,  methylate,  220. 

,,  trichiorethide,  220. 

,,  trieth-cthylate,  220. 

,,  triethohydrate,  222. 

,,  triethylate  amylate,  220. 

Silicoformic  anhydride,  218. 

Siliconylic  acetate,  220. 

,,  alcohol,  220. 

„  chloride,  220. 

Silicopropionic  acid,  222. 

Single  cyanides,  29. 

Sodio-zincic  ethide,  226,  234. 

Spirit  of  wine,  57. 

Stearin,  78. 

Stibine,  triamyl,  204. 

„  Iricthyl,  204. 

,,  Irimethyl,  204. 
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Stibines,  190,  202. 

„  salts  of,  214. 

Strychnine,  202. 

Styrol,  157. 

Substitution  derivatives  of  benzol, 
45. 

Succinainide,  208. 

Succinic  series  of  acids,  159. 

„  series,  relations  of,  to  acetic 

series,  162. 

„  series,  relations  of,  to  dyad 

radicals,  161. 

„  serie.s,  relations  of,  to  lactic 
series  and  to  glycols, 
161. 

Succinimide,  207,  210. 

Succinylic  chloride,  187. 
Sulphophenyl  urea,  197. 

Sulphur  alcohol,  59. 

Sulphuric  diethoside,  89. 

Sulphurous  diethoside,  89. 

„  triethylo-iodide,  89. 

„  triethylo-hydrate,  89. 

Tartaric  or  glyoxyloid  series  of  acids, 
173. 

Tellurium  ethide,  231. 

Tellurous  diethoxide,  231,  2.33. 

,,  diethiodide,  231,  233. 

„  diethosulphate,  231. 

Tertiary  acids  of  the  fatty  series,  114, 
129. 

„  diamine.s,  195. 

„  monohydric  alcohols,  62, 
67. 

„  monamides,  207. 

„  monamines,  191,  193. 

,,  monarsine.s,  211. 

,,  radicals  of  the  methyl  series, 

10. 

Tetrachlorinated  inethylic  ether,  87. 
Tetramines,  191. 

Tetrethylanimonic  hydrate,  211. 
Thebaine,  201. 

Theine,  202. 

Theobromine,  202. 

Thialdine,  2(>0. 

Tin. 

Distannic  hexethoxido,  2.33. 
llypostannic  ethide,  2.30. 

,,  ethodiniodidc,230. 
Stannic  chlorotrielhide,  230. 

,,  dicblorethidc,  226. 


Tin. 

Stannic  etliide,  225. 

,,  ethodimethide,  2.30. 

,,  ethophenyl  dichloride, 

235. 

„  iododiethide,  230. 

„  iododiinethide,  235. 

„  iodotriethide,  230. 

,,  iodotriniethide,  235. 

,,  methide,  235. 

,,  phenyl-triethide,  235. 

„  triethohydrate,  233. 
Stannous  ethide,  2.30. 
Stanntriethylic  alcohol,  231. 

„  chloride,  231. 

,,  ether,  231. 

,,  haloid  ether, 

231. 

Toluidine,  192. 

,,  blue,  198. 

Toluol,  42. 

Tolyl,  14. 

Tolylamine,  192. 

Triacetin,  189. 

Triad  positive  radicals,  25. 

„  positive  radicals,  haloid  ethers 
of,  104. 

Triadelphic  type,  4,  5. 
Trialkalainides,  209. 

Triamides,  208. 

„  primary,  constitution  of, 
208. 

„  secondary  and  tertiary, 
209. 

Triamines,  198. 

,,  diacid  salts  of,  213. 

„  monacid  salts  of,  213. 

,,  normal  salts  of,  213. 
Triamylamine,  194. 

Tribasie  acids,  177. 

„  acids,  aconitic  or  acryloid 
series  of,  177. 

„  acids,  citric  or  lactoid  series 
of,  178. 

„  acids,  tricarballylic  or  ace- 
toid  series  of,  177. 
Tribrombfcnzol,  4(5. 

Ttibrombcnzol  hydrobroniate,  46. 
Tribroinopyrogallin,  83. 
Tribroinorcin,  76. 

Tributylaniine,  194. 
Trichloruldohydo,  110. 
Trichloranilinc,  210. 
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Triclilorbenzol,  47. 

Ti’ichlorhydrin,  96,  105. 

Triclilorinated  &c.  amines,  190,  209. 
,,  methylic  chloride, 
100. 

Triclilororcin,  76. 

Triethylnmine,  194. 

Triethylammonic  iodide,  193. 

Triethyl  arsine,  204. 

,,  phospliine,  203. 

,,  phosphonic  iodide,  203. 

,,  rosaniline,  199. 

,,  silicol,  220. 

,,  stibine,  204. 

Trihydric  alcohols,  51,  77. 

„  ethers  of,  93. 

Triiodorcin,  76. 

Triinethylamine,  194. 

Triphenyl  rosaniline,  198. 

Tritolyl  rosaniline,  198. 

Turnbull’s  blue,  32. 

Type,  ammonia,  4,  5. 

,,  amnionic  chloride,  4,  5. 

,,  condensed  diadclphic,  5. 

,,  diadelphic,  4. 

,,  double  monadelphic,  5. 

,,  marsh-gas,  4. 

,,  methyl,  4. 

,,  monadelphic,  4,  5. 

,,  olehue,  5. 


Type,  triadel2)hic,  4,  5. 

Types  of  organic  compounds,  4. 

Urea,  196. 

,,  derivatives  of,  197. 

„  formation  of,  196. 

,,  reaction  of,  197. 

Urea  a  diamine,  197. 

Yalerylene,  21. 

Vinylic  bromide,  103. 

Vinyl  .series,  ethers  of  the,  89. 

„  series,  monohydric  alcohols  of 
the,  63. 

,,  series,  radicals  of  the,  13. 

Xylol,  42. 

Zincic  amide,  229. 

„  amylide,  2.34. 

,,  dinitro-ethylate,  228. 

,,  ethide.  225,  2.34. 

„  ethiodide,  227. 

,,  ethoethylate,  227. 

„  ethylate,  224. 

,,  methide,  234. 

„  methide  ethylate,  229. 

„  methyldithionate,  228. 

,,  jirojiwnate,  228. 

,,  succinate,  224. 
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ANIMAL  KINGDOM.  By  Professor  T.  Rymer  Jones.  8vo. 
Fourth  Edition,  £T  11s.  Odf. 

AN  ELEMENTARY"  TEXT-BOOK  OF  THE  MICROSCOPE  ; 
including  a  Description  of  the  Methods  of  Preparing  and  Mounting 
Objects,  &:c.  By  J.  W.  Griffith,  M.D.,  F.Ij.S.,  &c.  Post  8vo,  7s.  Gd. 

THE  FIRST  PRINCIPLES  OF  NATURAL  PHILOSOPHA". 
By  William  Tiiynne  Lynn,  B.A.  Loud.,  A.K.C.,  F.R.A.S.,  of  the 
Royal  Observatory,  Greenwich.  Fcap.  8vo,  3s. 

“  A  small  and  well-wroiight  book.  A  person  having  three  books  of  Euclid,  and  the 
(■ommon(!Bt  algebra,  and  who  wants  some  insight  into  the  way  of  applying  mathematics 
to  physios,  will  find  here  just  what  he  wants.” — Athena-um,  Nov.  LI,  1863. 


JOHN  VAN  VOORST,  1  PATERNOSTER  ROW. 
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